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ABSTRACT  
Diagnostic cytology is under-utilized in China and accordingly the 
general level of expertise is low. Telepathology or telecytology, which involves 
the use of telecommunication systems to transmit and interpret pathology or 
cytology images, has been used for remote diagnosis, expert consultation, and 
education in Europe, USA, and Japan. However, there have been no 
telecytology projects within China. To increase cytological awareness, to 
promote its greater use and to improve diagnostic standards, a pilot telecytology 
project was initiated by the Chinese University of Hong Kong with several 
centres in Mainland China. The study included three parts: 
The first part of the study focused on the feasibility of static image 
telecytology linking with 13 Mainland Chinese laboratories. The participants 
gave a diagnosis after viewing static images that were displayed on a web page 
or transmitted as an email attachment. The diagnostic agreement between 
telecytology and conventional light microscopy was 91% (83%-97%). This is 
evidence that static images are adequate for an accurate cytological diagnosis. 
There was also discussion on the difficulties encountered in the initial stage 
including lack of Internet connections at the workplace, slow transmission speed 
when downloading images, and poor participation of some institutions. 
IX 
In the second part of study, a web-based tutorial was implemented to 
introduce the Bethesda System (TBS) for reporting cervicovaginal cytology. 
The tutorial consisted of 20 study cases and associated images and text that 
illustrated TBS for reporting cervical smears. Seventeen participating 
laboratories located in ten cities completed the tutorial. The results showed that 
the tutorial was able to impart sufficient information on TBS for the successful 
reporting Pap smears. If expanded this could be the method for the 
dissemination of educational material to pathologists and other medical 
personnel who are located in widely dispersed regions in China. 
The third part of the study evaluated the diagnostic accuracy of a 
dynamic image system when used on routine cytology specimens. The dynamic 
telepathology system comprised of a remote-controlled microscope linking 
Hong Kong and Beijing. Forty study cases were examined using telecytology 
first, and later using conventional light microscopy. The overall concordance 
between the telecytological and reference diagnosis was 90%, and for light 
microscopic diagnosis it was 98%. The results suggested that the dynamic-
robotic system could be use for the immediate real-time reporting of routine 
cytology cases in Mainland China. It could be an effective way to provide 
cytology diagnosis to isolated hospitals that lacked a cytology service. However, 
the system required expensive equipment and fast telecommunication lines. 
X 
The current study is the first telecytology project in Mainland China. The 
ideal application of telecytology is to link small remote hospitals to large 
medical centres to provide expert consultation services, to disseminate up-to-
date knowledge, to aid uniform diagnostic nomenclature, and to improve 
cytology standards. However, telecytology alone cannot be expected to be the 
panacea for all the existing deficiencies in cytology practice in China. Other 
issues need to be addressed such as specialist training, certification and 
registration. Moreover, if cytology standards are to improve specialist 
pathologists need to undertake cytology, not minimally trained 





































List of Abbreviations VI 
List of Figures VII 
List of Tables VIII 
Abstract in English IX 
Abstract in Chinese XII 
Table of Contents XIII 
CHAPTER 1 
INTRODUCTION 1 
1.1 What is telemedicine 1 
1.2 What is telepathology 4 
1.2.1 Types of telepathology system 7 
1.2.2 Main events in the development of telepathology 9 
1.2.3 Diagnostic accuracy in telepathology and telecytology 12 
1.2.4 Applications of telepathology 18 
1.2.4.a Remote primary diagnosis 18 
1.2.4.b Remote expert consultation 19 
1.2.4.C Image libraries, databases and archiving 20 
1.2.4.d Quality assurance 20 
1.2.4.e Remote teaching and training 21 
1.3 Technical aspects of telepathology 24 
1.3.1 Image presentation 24 
1.3.2 Image acquisition and display 25 
1.3.3 Image compression 27 
1.3.4 Networking and line connections 29 
1.3.4.a Public (analog) telephone network 29 
1.3 Ab Integrated services digital network (ISDN) 30 
1.3.4.C Computer network 30 
1.3.4.d Asynchronous transfer mode (ATM) 31 
XIII 
1.4 Legal and ethical aspects 32 
1.4.1 Licensure of the facility 33 
1.4.2 Licensure of the pathologist 33 
1.4.3 Accreditation 34 
1.4.4 The electronic medical record: privacy 35 
1.4.5 Malpractice liability 36 
1.4.6 Reimbursement 38 
1.4.7 Conclusion 38 
1.5 Telemedicine and telepathology in China 40 
1.6 Cytopathology practice in China 42 
CHAPTER 2 
OBJECTIVES OF STUDY 46 
CHAPTER 3 
MATERIALS AND METHODS 48 
3.1 Case materials 48 
3.2 Static image capture and display 51 
3.3 Static telecytology study 55 
3.4 Web-based tutorial program 59 
3.4.1 Pre-tutorial evaluation 60 
3.4.2 Cytology tutorial 62 
3.4.3 Post-tutorial evaluation 66 
3.4.4 Data analysis 67 
3.5 Dynamic telecytology study 68 
3.5.1 Equipment 68 
3.5.2 Trial design 72 
3.5.2a Telecytology diagnosis 72 
3.5.2b Light microscopy diagnosis 73 




4.1 General information about participating cytology laboratories.. 75 
4.2 Static telecytology study 78 
4.2.1 Telecytology diagnostic agreement 78 
4.2.2 Confidence of telecytology diagnosis 80 
4.2.3 The acceptance of the image quality, 
time required for each case 83 
4.3 Web-based program on cervical cytology 84 
4.4 Dynamic telecytology study 86 
4.4.1 Diagnostic accuracy 86 
4.4.2 Time studies 88 
4.4.3 Diagnostic certainty 89 
4.4.4 Image quality 91 
CHAPTER 5 
DISCUSSION 92 
5.1 Static image telecytology study 
linking 14 Mainland China hospitals 93 
5.2 Problems encountered 
in setting up links with Mainland China 97 
5.3 Web-based tutorial programme 
for remote teaching 100 
5.4 Dynamic image telecytology study 
for immediate diagnosis at a distance 103 
5.5 Limitations of this study 105 





1.1 What is telemedicine? 
Telemedicine is the delivery of health care and the exchange of health 
care information across distances. The prefix ‘‘tele，，derives from the Greek 
"at a distance", and therefore, more simply telemedicine is medicine at a 
distance. It encompasses the whole range of medicine activities involving an 
element of distance, including diagnosis, treatment, and prevention of disease, 
continuing medical education and research. Furthermore, telemedicine 
implies rapid access and the sharing of medical expertise by means of 
telecommunications and information technologies, no matter where the 
patient or the relevant information is located (Wootton et al., 1999). 
Telemedicine is not a separate or new branch of medicine, but a new 
method of providing medical services and development in various diagnostic 
and therapeutic specialties. It is already being utilized and its greatest impact 
has been in certain image-related fields including radiology, pathology, 
cardiology, dermatology and other medical specialities. 
Teleradiology is the most commonly used application today. 
Radiology was one of the earliest medical specialties to use this technology 
to transmit X-ray, ultrasound, computer-assisted tomography and magnetic 
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resonance radiological images from one location to another, for the purpose 
of interpretation and /or consultation (Murphy et al.，1974). Teleradiology 
allows primary-care physicians to assemble patient data including 
radiographs, for presentation to specialists via telecommunication 
technologies, and the speedy diagnosis allows the rapid implementation of 
therapy. It also means patients do not have to travel to a major centre for 
consultation. 
Pathology employed the technology somewhat later, probably because 
the resolution of images were not of a sufficient standard. In addition a 
colour histological image was more complex than a black-and-white 
radiological image, and suitable high-resolution image transfer facilities were 
not available (Kayser et al., 1999). Telepathology involves the use of 
telecommunication systems to transmit gross and microscopic images for 
interpretation. It enables pathologists to render diagnoses and to consult 
remotely. In recent years, telepathology has been used in Scandinavia for 
frozen sections interpretation (Nordrum et al., 1995), and elsewhere in 
Europe (Dietel et al, 2000; Delia et al., 1999), U.S.A (Winokur et al., 1998; 
Halliday et al., 1997), and Japan (Harris 1999; Tsuchihashi et al., 2000) for 
consultation for both histology and cytology. 
Similar approaches have been reported for cardiology, dermatology, 
and other clinical specialities (Kayser et al., 1999). Telecardiology involves 
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the transmission of electrocardiograph data and heart images for the purpose 
of specialized assistance in diagnosis, treatment and handing of emergency 
case, assisting the referring physician in the interpretation of results. Other 
applications are training physicians in cardiology to a national and 
international level, remote quality assurance programs and a more pragmatic 
use is to monitor cardiac pacemakers. Teledermatology involves the 
transmission of macroscopic clinical images of skin lesions for expert 
consultation. The advantages are quick access to a specialist diagnosis, 
saving time and money and there is no need for patients to travel to clinics to 
some distance away. Some benefits for the referring doctor include 
continuous training and education. 
Overall, telemedicine is a medical performance in the world of 
technology. It combines medicine, telecommunication, and computer science. 
Contemporary medicine employs many specialized devices for ancillary tests, 
such as X-ray machines, ultrasound scanners, CT scanners, light and electron 
microscopes, and serum analysers. The results of these examinations can be 
transmitted for the expert consultation. 
The availability of an increasingly more sophisticated 
telecommunication networks, greater access to computers and associated new 
technologies have expanded the scope of telemedicine. Telemedicine has 
obvious advantages in remote or rural areas as it enables highly specialized 
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medical expertise and services to be available to the inhabitants. This 
obviates unnecessary travel for patients and medical specialists do not need 
to physically visit. Moreover, it permits physicians in a remote setting to 
access specialist colleagues and allows the best medical services to be 
available in the areas. An important result of such a service is that it 
encourages people to stay in these remote locations with socio-economic 
benefits. Although located far from urban centres, small rural hospitals or 
clinics have access to the accumulated advanced medical knowledge of the 
entire country or even the whole world. Medical personnel working in small 
hospitals have fast and direct access to the options of specialists in major 
medical centres. It also allows the exchange of information among medical 
personnel and between the doctor and patient. This also ensures rural doctors 
can keep up to date with the newest development. Telemedicine may in fact 
have a more profound impact in developing countries than in developed ones. 
1.2 What is telepathology? 
Telepathology and telecytology are subsets of the larger field of 
telemedicine. Telepathology is defined as follows: transmission and 
interpretation of pathology specimen images by use of telecommunications 
links (Kayser et al.,1999). In other words: telepathology is the practice of 
pathology over a distance. It involves the use of telecommunication systems 
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to transmit images for the purpose of diagnosis, consultation and education 
(Weinstein et al., 1997). 
In brief, a telepathology system comprises (1) a light microscope, (2) a 
method of image capture, commonly a digital camera mounted on a light 
microscope, (3) telecommunications link between sending and receiving sites, 
and (4) a workstation at the receiving site with a high-quality monitor to 
display images for interpretation (Figure 1.1). 
In conventional pathology practice, a specimen is examined by naked 
eye and then glass slides are evaluated under a light microscope. In the 
telepathology procedure, these are replaced by transfer of the corresponding 
images to a video monitor. Images are acquired by a video camera or digital 
camera located at the place where the gross specimen examination is 
undertaken or on a microscope, and transmitted to the examining pathologist. 
A telecommunication set-up links the place of image acquisition to the 
receiving workstation for where the diagnostic examination is undertaken. 
Both the sender and receiver need compatible computer equipment. 
Telepathology is applicable to all areas of pathology and include intra-
operative frozen sections, surgical excision specimens, biopsies, fine needle 
aspirates, cytology smears and autopsy materials. 
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Figure 1.1 Equipment required in telepathology including (1) a light 
microscope, (2) a digital camera, (3) telecommunications link between 
sending and receiving sites, and (4) a workstation at the receiving site. 
t— ！ ^ M : ， ： 
Sending Station Receiving Station 
1.2.1 Types of telepathology systems 
Basically, there are two telepathology systems: static image system 
and dynamic image system. 
In a static image system, microscopic images are captured in a digital 
format, and stored in an appropriate data bank. The still images are then 
transferred step-by-step, image after image in an off-line mode and discussed 
afterwards. The advantages of static telepathology are low cost, simplicity, 
worldwide accessibility, as all is required is a standard telephone line and the 
Internet connection. In a static image system, only a limited number of 
images are captured for each case. The major disadvantage is, of course, 
sampling error (Halliday et al., 1997, Weinstein et al., 1997). This system 
requires an experienced colleague to select the diagnostic relevant images 
from the entire slide, which are to be transmitted. 
A dynamic image system includes a robotic microscope which can be 
operated remotely, a workstation which enables the receiving pathologist to 
remotely control the microscope, and a fast telecommunication link between 
sender and receiver. The main advantage is the ability to remotely control the 
microscope, which is located at a distance. This system allows the receiving 
pathologist to remotely move the microscope stage in the X and Y axes to 
select fields for examination, adjust the light intensity, focus, and select 
magnifications by changing the objective lens. Therefore, a pathologist 
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working at a distance location is able to screen a complete slide and search 
for diagnostic areas using the compute keyboard or with a mouse in the same 
manner as he/she would examine a section at his/her own microscope. 
Studies using dynamic image system have shown high diagnostic accuracy 
(Winokur et al., 2000; Wellnitz et al., 2000). However, this system requires 
much more expensive equipment and fast telecommunication lines. A 
comparison of both systems is given in Table 1.1. 
Table 1.1 Comparison of static and dynamic telepathology systems 
Systems Advantages Disadvantages 
Static Low cost Sampling problems 
Wide applicability Time consuming 
Wide access 
Dynamic Remote control microscope Requires expensive equipment 
High diagnostic accuracy Requires fast 
telecommunication lines 
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1.2.2 Main events in the development of telepathology 
The history of telepathology is relatively short. One of the earliest 
instances of telepathology took place in Boston in 1968 when a microwave-
based telecommunications system was established, linking the Massachusetts 
General Hospital with a medical station at Logan Airport outside downtown 
Boston (Murphy et al., 1974). Black-and-white images of histology sections 
and stained blood smears were transmitted from a clinic at the airport to the 
hospital. A technician at the airport was directed by the pathologist at the 
hospital and also provided information on stain colours as requested. The aim 
of this experiment was to demonstrate the feasibility of remote diagnosis. 
Interestingly, even at this embryonic stage of development, the correct 
diagnosis was made on all the transmitted images. 
The first experiments with a satellite-linked colour-video dynamic 
telepathology system were accomplished in 1986 in Texas (Colbum, 1986). 
A frozen section slide of breast tissue was placed on the stage of a motorized 
microscope equipped with a video camera. The full-colour image was 
transmitted via a satellite link to Washington DC where a pathologist was 
able to control the microscope stage movements, magnification, focus and 
illumination while viewing a real-time image. The exercise was very 
successful and the experiment received full coverage in the Washington Post. 
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In the same year, an editorial on telepathology was published in 
Human Pathology. It proposed that robotic microscope, video imaging, and 
broadband telecommunications linkages could be integrated and used for 
telepathology networks (Weinstein, 1986). In 1990, the first expert 
consultation trials were performed in Norway for remote frozen section 
services (Nordrum et al., 1991). In 1992, the first European symposium on 
telepathology was held in Heidelberg, this was the start of a series of 
biannual symposia on telepathology, which continue to this day (Zentralbl 
Pathol, 1992). 
Since 1995 there has been worldwide interest in the research, 
development, and application of telepathology. To date, telepathology 
centres have been established in more than a dozen countries (Weinstein et 
al.，1997). 
The largest international telepathology project, the European 
pathology project (Dietel et al., 2000) was established in 1996. The project 
includes all aspects of telepathology encompasses all specialist consultations, 
intraoperative services, remote quantitation of cytological and histological 
images, such as DNA analysis, the creation of image data banks, and the 
implementation of tele-education in pathology. The Internet home page of 
the European pathology project is shown at http://www.uicc-tpcc.charite.de 
The successful demonstration that telepathology can be used for expert 
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consultation under various circumstances prompted Armed Forces Institute 
of Pathology (AFIP), Washington, to establish a telepathology system in 
1995, and this centre has offered consultation services to more than 100 
institutions. The Internet home page of AFIP is shown at http://www.afip.org. 
The Arizona Telemedicine Program offers multispeciality 
telemedicine services to rural communities 
(http://www.telemediciiie.arizona.edu). The telepathology service uses a 
static imaging technology and provides a second opinion for pathologists. 
Their data showed an 88% concordance (127/144) between telepathology 
and glass slide diagnosis on a variety of referred cases, with 96% 
concordance (139/144) for clinically important diagnoses (Halliday et al., 
1997). 
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1.2.3 Diagnostic accuracy in telepathology and telecytology 
Diagnostic accuracy is the most important requirement for 
telepathology and telecytology. The diagnostic performance studies fall into 
two broad categories: video image studies and on-line studies. 
Video image studies were performed before telepathology practices 
utilizing transmitted images began operation. Briefly sets of archival cases 
were assembled, captured and stored on CD-ROM. The video images of the 
study case were examined and the diagnosis reached was later compared to 
the light microscopic diagnosis. These studies did not involve images being 
transmitted over a telecommunication linkage. The aims of these studies 
were to measure the feasibility of making a diagnosis based on viewing video 
images displayed on a monitor and to identify reasons for diagnostic errors. 
A video image study by Weinberg et al. reported on the accuracy of 
diagnosis obtained by evaluating computerized still images (Weinberg et al., 
1996). Four pathologists rendered a diagnosis on 200 surgical pathology 
cases that had stored on CD-ROM. At a later date they reviewed the glass 
slide by conventional light microscopy and obtained a diagnosis. The overall 
diagnostic accuracy between video image and light microscope was 87.5%. 
Marked variability in accuracy of CD diagnosis was observed among the four 
pathologists, and issues related to image selection and /or quality were 
responsible for 60% of the diagnostic errors. The lack of sufficient images 
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and clinical information as well as insufficient expertise were other 
frequently cited reasons for diagnostic uncertainty. 
In another study, Weinstein et al. examined the diagnostic accuracy of 
video images using frozen sections of 48 skin biopsy specimens 
encompassing a spectrum of benign and malignant lesions (Weinstein et al., 
1997). Two sets of diagnoses, based on video microscopy and direct 
microscopy, were compared. There was 100% concordance in discriminating 
between benign and malignant lesions, with minor discrepancies relating to 
precise characterization of the lesion. Errors were attributed to problems in 
the selection and digitization of appropriate microscopic fields. They 
concluded that by examining video images it was possible to accurately 
evaluate frozen sections of skin lesions, as well as other lesions. Static image 
analysis is, however, susceptible to errors resulting from inappropriate field 
selection, emphasizing the need for careful selection of microscopic fields by 
the sending pathologist, as well as the need for trained and skilled personnel 
to interpret images received. 
On-line studies are used to evaluate images that are transmitted. Cases 
are accrued prospectively, diagnoses are rendered based on the transmitted 
images via telecommunication links. These studies provide more information 
on the diagnostic accuracy, effectiveness, and also the general perception of 
telepathology system performance. 
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Halliday et al. described an actual surgical pathology consultation 
practice using static images (Halliday et al., 1997). This involved 177 
telepathology consultation cases submitted to the Arizona-International 
Telemedicine Network. The overall diagnostic accuracy was 88%, and 96% 
for clinical important diagnosis. Diagnoses were deferred in 27 cases 
(15.8%). They identified three major sources of diagnostic errors in their 
telepathology study: field selection, interpretation, and image quality. Of 
these three parameters, field selection was unique to static-image 
telepathology. 
Winokur et al. validated the diagnostic efficacy of a remote-control 
microscope system on 99 intra-operative frozen sections (Winokur et al., 
2000). The study involved the parallel diagnosis of frozen sections examined 
by conventional light microscope and a remotely operated microscope. Each 
microscopic and telepathology diagnosis was compared with an index 
reference diagnosis. The diagnostic concordance was 97% with 
conventionally examined frozen section, and 95% in the telepathology 
assessment, respectively. Three cases were deferred due to the problems in 
the remote-control microscopic function or telecommunication links. 
Statistical analysis indicated no significant difference between telepathology 
and conventional microscopy during intra-operative consultation. The 
pathologists were generally satisfied with the performance of the system. 
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They concluded that telepathology might be an effective option to support 
hospitals that lacked a full-time anatomical pathology service. 
Most of the previous telepathology studies have focused on frozen 
sections and routine surgical specimens, cytology studies were uncommon 
with only a few reports in the literature. 
Is telepathology equipment also appropriate for telecytology? In 
telecytology the situation differs from that in histology. In cytology the 
complete slide needs to be inspected, often at higher magnification (10x-40x) 
to evaluate the fine details in cells. In histology selected areas are evaluated 
and generally low magnification (2x-5x) is sufficient to recognize 
architecture changes. Some authors have conducted small studies limited to 
one cytology specimen type and have concluded that the results were 
encouraging (Raab et al.，1996, Galvez et al 1998, Briscoe et al 2000), while 
others have been less optimistic and have worried that as telecytology 
diagnosis relied heavily upon the assessment of a few pre-selected fields of 
view diagnostic accuracy was compromised (Mairinger et al., 1997). 
Raab et al. at the University of Iowa, USA reported on a video image 
study of cervical smears (Raab et al., 1996). Five cytotechnologists reviewed 
50 Pap smears using video monitors, and 2 months later, using the light 
microscope. When the monitor diagnosis was compared to the light 
microscope diagnoses, the crude agreement was 85.6% and 95.6%, 
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respectively. They concluded that the diagnostic accuracy of static images in 
video monitor would be acceptable. 
Another study by Galvez et al. in University of California, Davis 
Medical Centre using video image s that included 9 malignant and 12 benign 
breast FNA cases (Galvez et al, 1998). Two pathologists blindly made 
diagnoses for each case based on the video images alone and later the glass 
slides. The concordance rates between video image and glass slide diagnoses 
for the two pathologists were 90.5% and 66.7%, respectively. They identified 
several reasons for the discordance. The discordance may be artificially high 
due to the nature of the study, because the pathologists did not have access to 
the clinical history, the ability to consult a second pathologist if needed, or 
directly evaluated the slides for specimen adequacy. There was also a 
reluctance to give a patient a malignant diagnosis based only on few selected 
images. These are the factors that may have contributed to the discordance 
rate. They found that with high resolution and 24-bit true colour, images can 
be interpreted accurately and show good cellular detail. 
A recent study from the AFIP used cases with static images 
transmitted through the Internet (Briscoe et al., 2000) and involved the 
digital images of twenty-five breast FNA cases displayed on a web page. The 
agreement between the web page image and glass slide diagnosis ranged 
from 80% to 96%. 
16 
To date, no telecytology studies have been undertaken in China. In 
addition, the published telecytology studies in U.S.A. are based on small 
number of cases or on limited types of material, and very few have been 
examined the diagnostic accuracy of telecytology in actual clinical on-line 
practice (Raab et al., 1996; Briscoe et al., 2000; Galvez et al., 1998). A 
detailed analysis of telecytology on a broad spectrum of routine specimens 
via on-line transmission has not been reported. 
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1.2.4 Applications of telepathology 
At present the main applications for telepathology are for the remote 
primary diagnosis of frozen section cases and remote expert consultation for 
histology and cytology cases using either a static system or robotic 
microscopy. Other applications are quality assurance and remote teaching. 
1,2,4, a Remote primary diagnosis 
Using robotic microscopy and high-speed data links, it is now possible 
with a number of different telepathology systems to view slides at a distance, 
manipulate a robotic microscope and thus make a diagnosis from the 
computer monitor. This has been used for frozen section diagnosis in remote 
locations and is still the major routine application of telepathology. Often, 
small hospitals located in rural or remote areas cannot support a full-time 
pathologist due to difficulties in recruiting staff and /or economic factors, yet 
frozen section consultation or semi-urgent surgical pathology consultation 
may be needed. Telepathology offers a feasible solution to this problem 
without the delay associated with the sending of tissue or slides via the postal 
service to a reference laboratory for diagnosis. 
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l,2.4.b Remote expert consultation 
A number of reference laboratories, have been established a 
telepathology system for consultation purposes. For example, the Armed 
Forces Institute of Pathology (AFIP) now offers a diagnostic service on the 
Internet for histology and cytology using simple static systems (Mullick et al., 
1996). The web site is http://www.afip.org/telepathologY. The pathology 
information can be stored in a multimedia document comprising text and 
digital images, and submitted to the special web site, or sent as an e-mail 
attachment using the Internet. Users of this service have access to a large 
group of experts in virtually every field of pathology. The AFIP also 
provides advice to pathologists on how to set up a telepathology working 
station. Current statistics show that 75 per cent of the cases sent to the AFIP 
can be diagnosed effectively without the need to send glass slides. Of the rest, 
half of the diagnoses were confirmed with glass slides, and the remaining 
half needed further ancillary studies, such as immunocytochemistry, for 
accurate diagnosis. 
Recently a similar consultation service via the Internet has been 
established by the International Union Against Cancer (UICC) to facilitate 
pathologists all over the world seeking international expert opinions. The 
web site is http://www.uicc-tpcc.charite.de. The centre functions as follows: 
if a pathologist anywhere on the globe is confronted with the diagnosis of a 
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difficult tumour case, he takes digitised images and sends them along with 
sufficient clinical data to the server of the UICC, asking for a second opinion. 
The centre checks the case and transfers it to one of the UICC experts. This 
expert makes his or her diagnostic suggestion, which is then transferred back 
to the requesting pathologist. The UICC provides second opinion on difficult 
tumour specimens in a simple and quick way, resulting in an increased 
certainty, accuracy, and safety for both patient and physician. 
L2.4,c Image libraries，databases and archiving 
Pathologists are fortunate that they are not dependent only upon 
clinical experience and patient contact to broaden their knowledge. Slide 
sections may be kept in archive for retrospective studies or self-education 
long after the patient has left hospital. Stained sections will, however, fade 
with time and paraffin blocks are finite in the number of sections they can 
yield. Image storage in digital form offers a longer lifespan, in addition to 
rapid recall and infinite reproduction. Several Internet sites already offer 
image databases with high-resolution images. Centralised image repositories 
become a viable alternative to looking through a colleague's slide collection. 
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1.2.4.d Quality assurance 
Telepathology or telecytology, is an ideal medium for quality 
assurance. The traditional method for quality assurance in histology and 
cytology is time consuming and inefficient. It is difficult to circulate glass 
slides to all participating laboratory within an acceptable time period. In 
cytology, there is a further difficult in that glass slides with identical 
abnormal cells are not available for most cases. Also, the postal service may 
not be reliable, and slides can be broken or lost. 
Telepathology has the capability of providing high capacity image 
storage, fast data transmission and high-resolution graphics. A major 
advantage is that all participants have exactly the same microscopic fields for 
diagnosis. The images are submitted electronically via a specially created 
web site, or sent by an e-mail attachment. The data from such an assessment 
can also be easily collected and collated for statistical analysis. In 
comparison to using the traditional postal service, the delays and 
inconveniences are avoided. 
1.2.4.e Remote teaching and training 
In recent years, the Internet has been widely used in medicine as an 
educational tool. The world-wide-web is the fastest-growing medium for 
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teaching and training. The latest information from all specialties, which is 
stored on world-wide-web services, is quickly and easily available. For 
pathologists, the Internet resources offer an extensive library of information, 
displaying numerous images of cases collected from institutions all over the 
world. For students of medicine, the use of the information provided by the 
Internet adds a new dimension to learning. Files with various types of 
medical data, including all kinds of images, can be transmitted from one 
country to another using the Internet. 
There are other benefits of obtaining medical information from the 
world-wide-web compared to traditional sources. There is no travel expense, 
some online resources are free of charge. Web pages are accessible at nearly 
any time, day or night. The various sites allow for high-quality video and 
audio material to be accessed. Other material may be in the form of slide 
shows, streaming audio and video, or interactive sessions. 
Other advantages of telepathology for teaching and training are 
uniform training by means of large databases, distant video conferencing 
training and expert system consultation at distance. In addition, other 
possibilities are distance examination and periodic proficiency testing as well 
as distant licensing. Participants have the added benefit of being able to keep 
the case images for late review. Educational cases can easily be distributed to 
trainees throughout the country. 
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To date, a large number of web sites that are targeted at the medical 
profession have been developed (Kronz et al., 2000; Peters et al., 1999; 
Rosenberg et al., 2001). However, a similar world-wide-web site for 
education in pathology and cytopathology has not been set up in China, 
especially with specific needs in mind. 
23 
1.3 Technical aspects of telepathology 
1.3.1 Image presentation 
A digital image can be displayed with wide variety and flexibility. 
Some specialists such as radiologists prefer traditional black and white 
images whereas pathologists are accustomed to colour images. Digitised 
images can be divided into vector images and bitmaps — pathologist need 
only be concerned with the later. The images represent a two-dimensional 
image as a two-dimensional array of dots. On a screen, each "dot" is referred 
to as a "pixel". Resolution is the size of each dot, commonly expressed in 
"dots per inch" (dpi). The larger the number of pixels, the higher the spatial 
resolution of the image is. A resolution of 128 x 128 pixels in an image still 
represents discontinuous surfaces to a human eye from a distance. This 
"pixels chaos" is imposed on the whole perception of image and the 
resolution of 512 x 512 pixels is at least required to obtain a satisfying image 
resolution quality (Kayser et al., 1999). If a desktop workstation is used, a 
large (17- to 21-inch diagonal measure) monitor capable of displaying 
millions of colours in at least 1280 X 1024 resolution is recommended (Aller, 
1997). 
The second aspect is the information held about each individual dot. 
This may be just black or white, in which case one binary ‘bit’ of memory is 
required for each pixel (0=black, l=white). The resultant image may be 
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referred to as a ‘1-bit image' and the file will be comparatively small. The 
human eye has difficulty in appreciating more than 256 different levels of 
grey, which is the number stored by eight binary 'bits'. An image stored with 
256 possible levels of grey is therefore widely used and is referred to as an 
‘8-bit greyscale image'. Colour may be stored in a variety of ways. In the 
simplest, the intensity of each of the three primary light colours (red, green, 
and blue; hence RGB) is recorded on three independent scales of 256 points 
each. This ‘RGB，format uses 3 x 8 = 24 bits for each dot; hence it is a '24-
bit colour image'. For imaging cytology or histology, 16-bit image capture is 
the absolute minimum, and at that depth it may display serious abnormalities. 
24-bit colour will be much more acceptable (Kurtycz, 1998). 
1.3.2 Image acquisition, processing and display 
Images can be acquired using a variety of image-captured devices, 
including video cameras, frame grabbers, digital cameras and scanners. Most 
commonly, a camera is mounted on the top of a microscope and the image 
viewed in a small preview window within a computer software package. The 
user then "captures" the desired fields. The video camera, the digital 
snapshot camera and optical scanner utilise a solid-state charge-coupled 
device (CCD) sensor, to receive and convert images to an electronic form. 
Most of the CCD devices used in video cameras consist of rectangular arrays 
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of sensors arranged 786 in each horizontal row and 492 in each vertical 
column, or 786H x 492V. Although high-resolution video cameras with 
greater numbers of sensing elements exist, they are expensive, non-standard, 
and not widely used. 
It may also be necessary to improve the image brightness, contract or 
colour or even crop or annotate the image. This may be done using any one 
of a number of commercially available graphics software such as Adobe 
Photoshop, or with less expensive products such as Paintsshop Pro. 
Output in electronic form for display on the computer monitor is 
becoming more common. Many lecture theatres are now equipped with video 
projectors which allow the reproduction of a computer monitor on a large 
screen. The final image resolution that is viewed by the image output device 
can be no greater than the resolution obtained during image capture. 
Therefore, one cannot improve image resolution simply by using a high-
resolution output device. For example, if the image was captured using a 
standard video camera at 640 x 480 pixels, one cannot obtain greater image 
resolution by using a monitor with higher resolution. It is also important to 
realize that the colour capacity of the monitor is determined by the 
specification of the graphics card used to drive the monitor. To obtain 24 bits 
of colour at 800 x 600 pixel resolution, there must be sufficient video 
memory to handle this extra information. However, the standard of television 
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screens has improved a lot and a 17- to 19-inch flatscreen computer monitor 
with 24-bit colour in resolutions up to 1280 x 1024 pixels is now widely 
available. 
1.3.3 Image compression 
Most bitmaps permit the possibility of file compression, which will 
reduce the data file size and enhance the speed of transmission across a 
network. Several techniques of image compression have been developed. 
Table 1.2 lists the most common image compression techniques and their 
typical associated compression ranges. Joint Picture Expert Group (JPEG) 
image format with a compression ratio of less than 1:20 was acceptable. 
Because JPEG is lossy compression, there will be slight quality deterioration 
with 1:20 compression. This quality deterioration, however, will not be 
noticeable if the images are mainly for viewing on a computer screen. 
(Buravkov et al., 2000; Tse, 1999). 
i 
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Table 1.2 Common image compression techniques and their typical 
associated compression ranges 
Name Abbreviation Type Compression Comment 
range 
Joint Picture JPEG/JPG Lossy and 2:1 to 60:1 Extremely severe blocking 
Expert Group lossless artefact at compression ratios 
greater than 40:1 for histology 
images. 
Graphics GIF Lossless 2:1 to 6:1 Relative modest compression, 
Interchange but no data loss. 
Format 
Wavelet WVL Lossy 3:1 to 1000:1 Extreme compression ratios with 
only modest blurring artefact. 
These algorithms have been 
delayed from reaching the 
greater imaging market by both 
its demand for high-performance 
computing and proprietary 
patient issues. 
Tagged Image TIFF Lossless 2:1 to 60:1 Recommend when repeated 
File Format graphical editing will take place 
and the ultimate output is paper 
rather than computer monitor. 
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1.3.4 Networking and line connections 
Telemedicine today is based on various available telecommunication 
networks. Telemedical services often require different telecommunication 
network resources. Some of these can be introduced by application of the 
public (analog) telephone network; others require higher data transfer 
capacity, or even specialized networks. Table 1.3 offers a comparison of 
different types of line connection, transmission speeds and telemedical 
services. 
1.3.4.a Public (analog) telephone network 
Public telephone network is the cheapest but slowest method of data 
transmission. The transmission speed oscillates between 9.6 kb/s and 28.8 
kb/s depending on junction quality and modems used. The successful use of 
analog lines for tele-teaching and tele-rehabilitation has also been reported. 
Small data files, mainly text files, can be transmitted via modems and public 
telephone networks and the non-avoidable sight transmission delays are 
irrelevant for these purposes. “ 
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1.3.4.b Integrated services digital network (ISDN) 
ISDN is an international communications standard for sending voice, 
video and data over digital phone lines at speeds up to 64 Kb/s. ISDN is an 
appropriate technical tool for telediagnostic and therapy consultation video 
conference. ISDN has been successfully used in teledermatology, 
telepathology, telepsychiatry and telegastroenterology. 
1.3.4.C Computer network 
Hospital computer systems are often connected to a local area 
network - LAN, which permits an open access to various network resources 
such as printers, modems, user programs, databases, etc. Local area networks 
in a larger or smaller hospital can be easily connected with large public 
networks. Connections of wide area networks create a global network. The 
bandwidth of different LAN technologies ranges from the low-speed token 
ring (4Mb/s) to the high-end fibre distributed data interface technology 
(lOOMb/s). Depending on the bandwidth, still image transmission, robotic 
telepathology, video-conferencing and even multiples of these applications 
are possible (Leong et al., 1999). 
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1.3.4d Asynchronous transfer mode (ATM) 
ATM is a network technology that overlaps with broadband ISDN and 
is capable of speeds from 25-622 Mb/s. Suitable for both local and wide area 
networks it transmits data in packets of fixed size at variable speeds 
determined by the nature of the data and the type of service subscribed to by 
the users. It is however, extremely expensive and currently limited in its use. 
Table 1.3 Comparison of telemedical applications, line connections and 
technical performance 
Telemedical applications Line connections Technical performance 
Immediate diagnostic support >500 kb/s; ISDN, Live images, 
(frozen section services) ATM, satellite Remote control 
interdisciplinary telemedicine 
Expert consultations >10 kb/s; analog Still images, interactive 
telepathology software, 
The Internet 
Education, training >10 kb/s; analog Still images, multimedia, 
off-line software 
The Internet 
Quality assurance >10 kb/s; analog Still images, multimedia, 
The Internet 
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1.4 Legal and ethical aspects 
Unfortunately the legal and regulatory environment has not progressed 
as rapidly as development in telemedicine. Telemedicine reduced to its 
simplest form is connecting geographically separate health care facilities via 
telecommunications, video, and information systems. In the context of China 
some of the discussion that follows may not seem to be of relevance at 
present, but with the expansion and maturing of medical practices, greater 
contact with medical developments in other countries, and also in the context 
of telemedical practice, and this implies telepathology the issues will need 
attention and appropriate legislation. 
The legal issues fall into three categories: (1) the traditional medico-
legal issues not unique to the medium; (2) conflicts in existing law, which 
telemedicine amplifies because it connects geographically separate facilities; 
and (3) issues unique to telemedicine (Kayer et al., 1999). 
The issues in the first category are beyond the scope of this project 
and only the second and third categories will now be briefly discussed. 
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1.4.1 Licensure of the facility 
Does the telepathology network itself need be licensed? The goal 
would be to ensure that facilities meet minimum quality standards. 
Historically, hospitals and their laboratories have received licensure for their 
facilities and service rendered with local or government agencies. In 
telemedicine a "virtual" facility is providing a service and it is likely that, as 
telemedicine matures, government authorities may require some form of 
licensure or other assurances of minimum technological standards (such as 
the minimum resolution of network-transmitted images). Ideally this should 
extend to, extra-territorial telemedicine networks but this would require the 
availability of international standards. Who will ensure that different regions 
and countries will impose consistent standards and more importantly, who 
will carry out surveillance to ensure standards are maintained? 
1.4.2 Licensure of the pathologist 
Extra-territorial telepathology raises other licensure questions, such as 
whether telepathologists are practicing diagnostic pathology in the remote 
jurisdiction and therefore need a license in the remote jurisdiction. Most 
jurisdictions allow for consultations by extra-territorial pathologists. In the 
USA, which is very litigation conscious, teleradiologists, for example, may 
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be able to consult with remote physicians interstate without a license from 
the remote state. Some USA states, such as Pennsylvania, allows out-of-state 
physicians to obtain extraterritorial licenses in such circumstances but other 
states make no such provision. When telephysicians go beyond consultations 
and render direct patient diagnosis and treatment, multiple licensures may be 
required, regardless of the states involved (Dierks, 2000). 
1.4.3 Accreditation 
In some countries, not presently mandatory in China, laws or 
regulations require hospitals, and this includes their laboratories, to have 
credentialing standards to ensure pathologists are competent in their practice 
areas (Kayer et al., 1999). Some hospitals require, as a condition of 
maintaining privileges and employment, that pathologists perform a 
minimum number of certain procedures each year and provide evidence of 
this, as well as involvement with continuing medical education. Hospitals 
and laboratories may need to draft medical staff bylaws to encompass 
telemedicine proficiency with separate standards for the practice of "virtual 
pathology". Moreover, what mechanism can be employed to monitor remote 
pathologists' competence and skill to the same degree as with in-house 
pathologists staff members? 
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1.4.4 The electronic medical record: privacy 
In telepathology an electronic medical record of the patient is shared 
across territorial boundary lines. Among the network partners, who will have 
access to extract relevant network information, who is the ultimate custodian 
of the medical record and who is responsible for ensuring the patient's 
privacy? In general, existing laws on confidentiality and privacy, are 
applicable to that jurisdiction or state and do not overlap or extend beyond 
territorial boundaries. In the USA federal legislation on confidentiality and 
privacy issues has been proposed to standardize this "state patchwork quilt" 
of laws, but no comprehensive federal law has been enacted to date. Indeed 
state law still varies as to the acceptability of electronic signature. Today, 
confidentiality, privacy, and data protection depend on state laws, the type of 
data processed, and the use of the data internally and externally by the 
provider (Stanberry, 1998). Unfortunately, the lack of legal guidance and 
uniform legislation leaves health care providers with the traditional legal 
responsibility for the confidentiality of the patient's record even though that 
electronic medical record is available for access and use by others outside of 
the provider's control. 
Whether through legislation or through accreditation the reliability 
and standardization of data and the protection of the electronic medical 
record must be regulated. The legal risks relating to the disclosure of 
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inaccurate or confidential medical information are significant. Such 
disclosure may result not only in defamation claims by the patient whose 
record is disclosed but possibly by the physician as the clinician's outcomes 
are evaluated. 
1.4.5 Malpractice liability 
Health care systems owe a duty to patients in their facilities to prevent 
harm negligently caused by them, their employees, and agents and this is as 
relevant in China as elsewhere. However, in may developed countries, the 
law has developed to where health care systems must adequately supervise 
and credential their staff and independent physicians (pathologists) providing 
services under their auspices. So far courts have not been faced, however, 
with the situation where a telemedicine host (pathologist providing the 
second opinion) has no other affiliation with remote pathologists and 
hospitals than their involvement in the network. One can conceive a court 
placing upon a telepathology network a duty to adequately supervise the 
usage of the telepathology system by all network partners, especially as the 
host exercises increasingly greater control over network activities. 
Negligence issues are potentially enormous, especially for clinicians 
but pathologists are not immune. For pathologist these could include: (1) 
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does the second opinion pathologist or the remote pathologist provide the 
ultimate diagnosis, order further investigations? (2) If one goal of 
telepathology is to improve remote pathologists' training and skill, to what 
extent does the provider pathologist's negligence implicate him or her in a 
lawsuit? Is the provider pathologist's control sufficient for a court to 
conclude that he or she has assumed a duty to exercise further control? A 
related issue is establishing an adequate paper trail in the event malpractice 
litigation ensues. (3) Does a pathologist providing a second opinion need to 
have "informed consent" from the patient, is it sufficient for the referring 
remote pathologist to give "consent"? These are vexed questions that are not 
easily answered. 
Until appropriate regulations and or legislations are in place prudent 
pathologists who offer a second opinion using the telepathology, including 
telecytology, for their own protection should spell out clearly at the outset 
that the final diagnostic responsibility always remains with the requesting 
pathologist and cannot be accepted by the colleague providing the second 
opinion. This is currently the case with consultations between pathologists 
within an institution or a given jurisdiction and is implicit. 
In some countries other matters that need clarification relate to matters 
such as (a) Anti-kickback (b) Fraud and (c) Abuse (d) Antitrust. Some 
jurisdictions have statutes that make it illegal for any arrangement where one 
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purpose is to offer, solicit, or pay anything of value in return for a referral for 
treatment or services provided, including pathology services. Thus it is 
important in telepathology for these regulations not to be contravened. 
1.4.6 Reimbursement 
If the work escalates and a significant amount of time and effort is 
involved on the part of the pathologist or institution providing the second 
opinion, service and training then appropriate recovery of costs is not 
unreasonable. Then there is the matter of equipment cost and in the context 
of dynamic telepathology the costs can be substantial. Will the costs be borne 
by the referring pathologist, patients, insurance or government are matters 
that require solutions. In some commercial organizations the matter of 
"price-fixing" and anticompetitive practice may also require attention. 
1.4.7 Conclusion 
For some of the legal issues discussed, there are relatively facile 
solutions. For others, state, national and even international law must change 
in order to decrease the legal risks of telemedicine and telepathology. One 
certainty is that as telepathology expands there will be significant legal risks 
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and increased exposure to liability. The same forethought that preceded the 
telemedical field overcoming its technological hurdles will be required in 
surmounting its legal ones. 
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1.5 Telemedicine and telepathology in China 
China is a developing country, with a huge population that is spread 
over a large land area. While about 80% of the population lives in rural areas, 
80% of medical resources and expertise are concentrated in the main cities. 
Therefore, there has been a chronic shortage of medical resources and 
expertise, especially in rural and remote regions. Recent advances in the 
telecommunications and information technology may help overcome some of 
the problems associated with remoteness and the uneven distribution of 
medical expertise. 
In comparison to advanced. countries, China has been slow to 
implement telemedicine. However, in the Faculty of Medicine, the Chinese 
University of Hong Kong (CUHK) a special task force on Telemedicine was 
set up in 1996 under the leadership, the former Dean Professor Lee JCK and 
Professor Magnus Hjelm. Professor HK Ng, the current Chairmen of 
Telemedicine Committee, continues to explore new frontiers in this exciting 
area. Activities in telemedicine have mostly been for the purpose of 
teleconferencing, sporadic tele-consultation sessions and educational events. 
(Hjelm, 1997; Lee, 1999; http://tele.nied.cuhk.edu.hk). 
Over the past 5 years, teleconferencing links have been established 
between CUHK and various medical institutions in China and other countries. 
Some sessions have involved clinical presentations with contributions from 
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histopathology and cytopathology. A monthly clinicopathological 
teleconference via a satellite link was initiated with the Shantou Medical 
University, Guangdong Province in 1999 (Ng et al., 2000). These 
telemedicine links have enhanced the academic exchange, clinical 
consultations and discussions between the two faculties. A symposium on 
cervical cancer screening with real-time telecytology consultation trial that 
linked CUHK and the General Hospital of People's Liberation Army in 
Beijing was organized by Professor Alexander R Chang in May 2000. A 
specialty course on brain tumour pathology was held in 2000 and transmitted 
to both Shantou Medical University and Tongji Medical University by ISDN 
lines and satellite (http://tele.med.cuhk.edu.hk). 
Mainland China has been slow to recognize the potential benefits of 
telemedicine. However, in July 1995, Shanghai Zhongshan Hospital 
Telemedicine Centre performed the first telemedicine consultation in China. 
A number of other projects were in operation at that time (Zhao, 2001). In 
1995 the Chinese government developed the Golden Health project, an 
ambitious programme of medical and health information network 
(http://www.2919.net). It links many hospitals and clinics in China so that 
they can share medical resources and expertise. The network aims to unify 
the healthcare services for tele-diagnosis, video-conferencing, tele-education 
and research. It connects Beijing with the provincial capitals and other towns 
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and cities via satellite and ISND links. Some 500 sites throughout the country 
will be connected by the end of 2001 (Cheng,1999; Zhao, 2001). 
But currently, telepathology and telecytology are not the components 
of the Golden Health Project, which appears to emphasize clinical diagnosis 
and treatment. To the best of our knowledge there have been no telecytology 
projects within China despite the fact that this could help alleviate some 
medical problems due to remoteness and lack of cytological expertise. 
1.6 Cytopathology practice in China 
In China, cytopathology is an under-utilized diagnostic method when 
compared to histopathology, and consequently the average level of 
cytological expertise is low. 
The medical universities and the quality of education were seriously 
affected during the Cultural Revolution in China. A national examination 
system for medical graduates did not exist at that time. The National Medical 
Licensing Examination was only implemented in 1999 (Gao et al” 1999). In 
a country like China, which has a large population, there are different levels 
of medical education and training for its medical personnel. A training 
program for cytopathologist and cytotechnician has not yet fallen into a fixed 
pattern and a national and standardized residency training programs and 
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continuing education systems do not exist. Quality assurance issues in 
cytology lab are not perceived to be of pressing importance. Even the 
important task of a follow-up of abnormal smears with histological 
correlation varies tremendously from laboratory to laboratory. It may or may 
not be undertaken. Clinico-pathology meetings are seldom held. 
In many hospitals, there is no dedicated cytology laboratory. Cytology 
is undertaken by technologists and only a few trained pathologists are 
involved (Wu, 1999). Cytopathology throughout the country is also 
constrained by lack of up-to-date knowledge from the international medical 
community, lack of finance and resources. Very few pathologist or 
cytopathologist have received training outside the country. In addition, very 
few have the opportunity to attend international academic conferences. Only 
a few up-to-date international cytopathology journals and textbooks are 
available in the library of medical universities, even in main cities, such as 
Beijing, and Shanghai. The situation is even worse in the hospitals of rural 
and remote areas. 
For reporting Pap smears, the five-grade Papanicolaou Classification 
was devised more than 40 years ago. This classification is no longer 
adequate for the contemporary reporting of Pap smears. The morphology 
related to benign cellular change, reactive change, HPV infection and 
specific type of malignancy are not described and reported. But in China, the 
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old Papanicolaou system is still widely used. Other laboratories use their 
own descriptive diagnostic terminology, such as dysplasia, cervical 
intraepithelial neoplasia (CIN), atypia and other nomenclature. Some 
hospitals even simply classify Pap smears into benign or malignant. 
To provide uniform diagnostic terminology, to facilitate 
communication between the laboratory and the clinician, the Bethesda 
System (TBS) for Reporting Cervical /Vaginal Cytological Diagnoses was 
developed at the National Cancer Institute (NCI) in Bethesda in 1990. The 
format of TBS reporting includes a detailed descriptive diagnosis and an 
evaluation of specimen adequacy (Kurman et al., 1994). However, 
diagnostic schemata, such as TBS for reporting cervical /vaginal cytological 
diagnoses, which is now widely used throughout the world are not known by 
many doctors in China. 
Despite being one of the most effective tests for cancer prevention, 
the Pap smear uptake in China is very low, especially among women living 
in the countryside. In the large cities because of better education and medical 
facilities, some women do have routine testing. Eighty percent of the women 
who live in rural and remote areas have not received gynaecological cancer 
screening. 
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In such a setting there is clearly a need to increase awareness in the 
important role of cytology in contemporary medicine, promote its greater use 
and improve diagnostic standards throughout the country. A pilot 
telecytology project was initiated by the department of Anatomical and 
Cellular Pathology of the CUHK with several centres in Mainland China. 
The study will include: (1) a feasibility study of static image telecytology 
linking with 13 Mainland Chinese hospitals, (2) a web-based tutorial 
program to introduce a new diagnostic nomenclature for reporting Pap 
smears, and (3) a dynamic-robotic telecytology project to provide real-time 
diagnosis of routine cytology cases. 
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CHAPTER 2 
OBJECTIVES OF STUDY  
The current study aims to develop a telecytopathology network linking 
different hospitals in Mainland China, to encourage greater interest in the 
clinical application of cytology, to facilitate the communication between 
pathologists, and help upgrade cytological standard in Mainland China. This 
project is composed of three parts: 
(1) To assess the feasibility of static image telecytology linking with a 
number of pathology laboratories 
This section reports on the setting up of links with 13 hospitals located in 
eight cities in Mainland China and the results of telecytological diagnoses from 
these institutions based on the transmitted still images. In addition, it details the 
problems encountered in the initial stage of the study. 
(2) To develop a web-based tutorial program to introduce a modern 
cervical cytology reporting system to China 
A web-based tutorial was set up to introduce a new reporting system for 
cervicovaginal cytology to Mainland Chinese colleagues. This would impress on 
participants the importance of adopting a contemporary uniform diagnostic 
terminology for Pap smears. The main purpose is to ensure women who have 
46 
Pap smears have reporting of the highest standard and when abnormalities are 
detected clinician and pathologist know exactly what has been detected, in other 
words a "universal common language". 
(3) To evaluate the diagnostic accuracy of using a dynamic image 
system to provide an immediate diagnosis on routine cytology practice 
A dynamic telecytology system comprises a remote-control microscope 
linking hospitals in Hong Kong and Beijing. The study is designed to evaluate 
the feasibility of using dynamic-robotic telecytology system to provide an 
immediate (real-time) diagnosis for routine cytology cases. If successful it could 
be an effective alternative for providing cytology diagnosis in hospitals lacking 
a cytology service. 
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CHAPTER 3 
MATERIALS AND METHODS  
3.1 Case materials 
A total of 120 cytology cases were used in the study. There were 46 
gynaecology cases and 74 non-gynaecology cases including 42 Fine Needle 
Aspiration specimens, 12 effusions, 12 sputa and 6 bronchial specimens and 2 
urines. There were 87 malignant and 33 benign lesions. The patient ages ranged 
from 25 to 85 years with a median of 48.5. There were 82 (68%) cases from 
female and 38 (32%) from male patients. All the studied cases are summarized in 
Table 3.1. Of the 120 cases 100 were retrieved from the files of the Cytology 
Laboratory, the Chinese University of Hong Kong, Prince of Wales Hospital 
(PWH), Hong Kong, and 20 were from the General Hospital of People's 
Liberation Army (PLA), Beijing. Sixty cases were used in the static telecytology 
study, 20 Pap smears were used in the web-based program, these included 3 
benign changes, 4 atypical squamous cells of undetermined significance 
(ASCIIS), 1 atypical glandular cells of undetermined significance (AGUS), 4 
low-grade squamous intraepithelial lesion (LSIL), 4 high-grade squamous 
intraepithelial lesion (HSIL) and 4 Carcinomas (Table 3.2). Finally 40 cases were 
used in the dynamic telecytology study, 20 from PWH, Hong Kong, and 20 from 
PLA, Beijing. These cases encompassed a spectrum of routine cytology 
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specimens. All cases had clinical and histological follow-up that confirmed the 
original cytological diagnoses. The slides were stained by Papanicolaou or 
haematoxylin and eosin. 
Table 3.1 Summary of 120 cases used in the telecytology study 
Case materials Number 
Gynaecology cases (Pap smears) 46 
Non- Gynaecology cases 74 
FNA in lymph node 20 
FNA in breast 9 
FNA in thyroid gland 5 
FNA in liver 3 
FNA in lung 2 
FNA in other 3 
Effusion 12 
Sputum 12 
Bronchial specimen 6 
Urine 2 
Malignant lesions 87 
Benign lesions 33 
Female patients 82 
Male patients 38 
Cases from PWH 100 
Cases from PLA 20 
Cases in static image study 60 
Cases in web-based program 20 
Cases in dynamic image study 40 
PWH: Prince of Wales Hospital, Hong Kong 
PLA: The General Hospital of People's Liberation Army, Beijing 
FNA: Fine needle aspiration 
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Table 3.2 Summary of 20 Pap smears used in the web-based program 
Diagnosis Number 







ASCUS: atypical squamous cells of undetermined significance 
AGUS: atypical glandular cells of undetermined significance 
LSIL: low-grade squamous intraepithelial lesion 
HSIL: high-grade squamous intraepithelial lesion 
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3.2 Static images capture and display 
In the static telecytology study and the web-based tutorial program, one 
slide was selected for each case, and representative microscopic fields were 
chosen under a multi-head light microscope by two pathologists. The fields were 
then photographed at low (xlOO), intermediate (x200) and high magnifications 
(x400 or x630) with a digital camera (Nikon, DXM1200, Japan) at a resolution of 
1,600 X 1,200 pixels, and 24-bit true colour. The equipment used is shown in Fig 
3.1. Adobe Photo Shop version 6.0 software and Joint Pictures Expert Group 
(JPEG) compression were used for image processing in Windows 98. Each case 
had 4-12 images (7.8 average) with a total size of 130 - 912 kByte (350 kByte 
average). The patient's gender, age and a brief clinical history were also provided. 
The digital images along with case information were sent as an e-mail attachment 
to different centres in Mainland China initially, and at a later stage they were 
displayed on a dedicated web page described below (Fig 3.2, Fig 3.3). 
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Figure 3.1 The equipment used in the static image study. A digital camera is 
mounted on a light microscope and connected to a computer running 
Windows 98 operation system. 
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Figure 3.2 The Internet web page used in the telecytology study 
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Figure 3.3 Representative digital ims^es of carciaQma cells in breast fine 
needle aspiration displayed on the Web Page (Haematoxylin and eosin stain； A^  B & C, 
x400;D,x600) 
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3.3 Static telecytology study 
Pathologists and technologists in China were advised about the project by 
an email message or through an announcement in the Chinese Journal of 
Diagnostic Pathology, Those who agreed to participate were given more 
information on the purpose and format of the project. To encourage active 
participation and rapid return of diagnoses a pathology textbook was given to 
each participating laboratory. 
All participants completed a confidential questionnaire (Fig 3.4) and the 
following information was obtained: (1) hospital location and the diagnostic 
service provided (2) the handling and reporting of Pap smears (3) experience in 
cytology (4) availability of the Internet in the laboratory (5) frequency of Internet 
use. 
In each laboratory, pathologists and technologists viewed the images and 
returned a consensus diagnosis to Hong Kong using the Answer sheet (Fig 3.5). 
The participants had to select a diagnosis from the five categories listed: benign, 
atypical, suspicious, malignant or deferred. If needed, the selected diagnosis 
could be modified with the addition of free text. In addition, participants were 
asked to state the confidence level for the diagnosis chosen, provide reasons for 
any uncertainty, grade the quality of the images and record the viewing and 
transmission time for each case. In Hong Kong the diagnostic agreement was 
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reached by comparing the telecytological diagnosis with the reference glass slide 
diagnosis obtained by conventional microscopy. Each returned diagnosis was 
categorized as concordant or discordant. When text was used to modify a 
diagnosis this was also evaluated before the diagnosis was categorized. After 
receipt of the diagnosis in Hong Kong all participants were given feedback 
information on each case by email. 
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Figure 3.4 The questionnaire used in the telecytology project 
Name 姓名 Gender性別：Male/Female 
Post 職禾尔：1 .Technician 2. Resident doctor 3. Attending doctor 4. Senior doctor 
Name of your institution 单位名禾尔 
Address of your institution 单位地址 
Telephone (Office) (Home)  
Fax Email  
The level your hospital 医院等級 
1. Teaching Hospital 教学医院 2. Provincial Hospital 市級或省級医院 
3. District Hospital 地区医院 4. Others 其它 
Number of beds of your hospital 医院床位数目 
1. <500 2.500-800 3.801-1000 4. >1000 
Annual number of cytology cases in your department  
Annual number of PAP smears in your department  
Years of your experience in cytology您从事細胞学工作的时間间 
1. <2 years 2. 2-5 years 3. 6-10 years 4. >10 years 
How often do you use the Internet /Email ？每隔多久您使用 Internet /Email ？ 
1. Once a day 2. Once a week 3. Once a month4. Never 
Do you have any Internet connection at the work place?您办公室有 Internet 連接？ 
1. Yes 2. No 
Where/when do you view the images on cytology web?您在办公室/在家里收看网頁上細胞学圖像？ 
1. At work place during office hours 2. At home after office hours 
What kind of diagnostic system do you use for reporting cervical /vaginal cytology diagnoses ？ 
您用哪种方式診斷宫頸細胞學？ 
1. The Bethesda System 2. The Papanicolaou Classification 
3. Dysplasia and Cervical Intraepithelial Neoplasia (CIN) 4. Others 
Have you heard about THE BETHESDA SYSTEM for reporting cervical /vaginal cytology diagnoses ？ 
您是否听謝T h e Bethesda System宫頸細胞學診斷方式？ 
1. Yes 2. No 
When did you hear about THE BETHESDA SYSTEM?  
How did you hear about THE BETHESDA SYSTEM? 
1. Journal /Book 2. Meeting / Seminar 3. Colleagues / Friends 4. Others 
What do you think about THE BETHESDA SYSTEM? 
您如何評價TBS? 
1. Highly recommended 2. Recommended 3. Not recommended 
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Case Number / Lab Number: 
Your diagnosis:  
• Benign • Atypical • Suspicious • Malignant • Deferred 
Further classification with a text diagnosis 
Confidence level 
• Sure • Confident • Somewhat confident • Unsure 
Reasons for uncertainty 
• Insufficient image quality 
• Insufficient number of fields 
• Insufficient clinical information 
• Insufficient expertise 
• Additional special studies needed 






Viewing time / each image  
Downloading time / each image  
Comments 
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3.4 Web-based tutorial program 
A web-based program was developed using Common Gateway Interface 
(CGI) programs and a series of Windows-based FrontPage (FrontPage 2000 
Version 2.0) and running on the Microsoft Windows 98/95 operation system. The 
participants' demographic information, pre-tutorial and post-tutorial responses 
were delivered automatically to a fixed email inbox. The language on the web 
was in both English and Chinese to assist those not familiar with English. The 
program was designed so that it could be easily accessed by any widely available 
standard web browser. Image number and file size were minimized to shorten 
transmission time over the Internet. 
The tutorial program was publicized by an announcement in the Chinese 
Journal of Diagnostic Pathology and by sending email to pathologists and 
cytotechnologists in different centres. To encourage active participation, a 
cytology textbook was given to each participating laboratory, and a certificate of 
participation was available after the program was completed. 
Upon entering the web site (www.acp.cuhk.edu.hk/yuanqin) and inputting 
user name (acpguest) and password (yuan88), the participants were able to view 
"the telecytology project“ page and “about cytology tutorial”，which 
showed the objectives and instruction of the program. 
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3.4.1 Pre-tutorial evaluation 
The pre-tutorial evaluation and post-tutorial evaluation used the same 20 
Pap smears. The study cases were selected from the cytology file of Prince of 
Wales Hospital, and included 3 benign changes, 4 ASCUS，1 AGUS, 4 LSIL, 4 
HSIL and 4 Carcinomas (Table 3.2). All the cases had clinical and histological 
follow-up that confirmed the original laboratory diagnoses. The cases represented 
a broad spectrum of routine cervical cytology specimens. 
In the pre-tutorial evaluation, the participants were asked to view the 
images of each case on "tutorial cases，， page (Fig 3.6) and give a diagnosis 
using nomenclature currently used in their laboratory or the one they were 
familiar with as some participating laboratories did not process Pap smears. 
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F^ure 3.6 Representative digital images of high grade squamQus 
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3.4.2 Cytology tutorial 
After the pre-tutorial evaluation, participants were then introduced to the 
Bethesda System for reporting cervical / vaginal cytologic diagnoses (TBS). The 
tutorial format comprised images and the detailed text describing the diagnostic 
criteria for the various abnormalities (Fig 3.7 a-c). The tutorial images were 
selected from the cytology teaching files of Prince of Wales Hospital. The tutorial 
notes and images were revised by Professor Chang R Alexander, an experienced 
cytopathologist. Participants were also given information on TBS and the 
equivalent terminology used in other classifications. 
62 
Figure 3.7a The tutorial describing "ASCUS" on the web page 
Atypical Squamous Cells of Undetermined Significance (ASCUS) 
Diagnostic Features: 
Nuclear enlargement is 2.5-3 times that of a normal intermediate squamous cell nucleus with a slight 
increase in the nuclear/cytoplasm ratio; 
Variation in nuclear size and sharp, and binucleation, may be observed; 
Mild hyperchromasia may be present, but the chromatin remains evenly distributed without granularity; 






Figure 6. ASCUS (Papanicolaou stain, x400) 
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Figure 3.7a The tutorial describing "ASCUS" on the web page 
Low-grade Squamous Intraepithelial Lesion (LSIL) 
Diagnostic Features: 
Cells occur singly or in sheets 
Nuclear abnormalities are generally confined to cells with "mature" or superficial-type cytoplasm 
Nuclear enlargement is at least three times that of a normal intermediate nuclei, with an increased 
nuclear/cytoplasmic ratio 
Moderate variation in nuclear size and shape is evident 
Binucleation or multinucleation often is present 
Hyperchromasia is present, but the chromatin is uniformly distributed; alternatively, the chromatin may 
appear degenerated or smudged if associated with ihe cytopalhic changes ofHPV 
Nucleoli are rarely present 
Nuclear outlines are clearly visible with slight irregularities 
Distinct cell borders are present. 
Cells that demonstrate a well-defined, optically clear perinuclear cavity and a peripheral dense rim of 
cytoplasm must also show the above nuclear abnormalities to be diagnostic of LSIL; perinuclear 







Figure 8. LSIL (Papanicolaou stain, x400) 
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Figure 3.7a The tutorial describing "ASCUS" on the web page 
High-grade Squamous Intraepithelial Lesion (HSIL) 
Diagnostic Features: 
Cells usually occur singly, in sheets or in syncytial-like aggregates 
Nuclear abnormalities occur predominantly in squamous cells with "immature" lacy, and delicate or dense 
metaplastic cytoplasm; occasionally the cytoplasm is "mature" and densely keratinized. 
Nuclear enlargement is in the range of tiiat seen in LSIL, but the cytoplasmic area is decreased, leading to 
a marked increase in the nuclear/cytoplasmic ratio; in cells with very high nuclear/cytoplamic radios, 
the nuclear enlargement actually may be less than that in LSIL 
Overall, HSIL cell size is smaller than in LSIL 
Hyperchromasia is evident; chromatin may be finely or coarsely granular with an even distribution 
Nucleoli are generally absent. 
Nuclear outlines are irregular. 
麵要點: 
細胞蓽偭，或成片拂列：細_的輿型性一般出現热的細胞.实表麻 






Figure 9. HSIL (Papanicolaou stain, x400) 
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3.4.3 Post-tutorial evaluation 
After the tutorial, participants were asked to view the 20 cases again and 
give each diagnosis using the Bethesda System. After completing the assignment 
all participants were given a summary of their pre-tutorial and post-tutorial 
response for each case and how their diagnoses compared with the reference 
diagnoses. Participants also had an opportunity to download the case images and 
keep the tutorial note for later review. 
3.4.4 Data analysis 
The diagnoses in pre-tutorial and post-tutorial evaluation were compared 
to the original laboratory diagnosis, respectively, and then classified as 
concordant and discordant according to the different reporting nomenclatures 
showed in Table 3.3. The diagnostic correctness in pre-tutorial and post-tutorial 
evaluation was then evaluated. Statistical analysis was performed by using t-test. 
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Table 3.3 The different nomenclatures used for Pap smear reporting 
The Bethesda Papanicolaou CIN Grade Dysplasia Benign or 
System Classification Malignant 
Within normal Class I Normal Normal Normal 
limits 
ASCUS Class II Atypia Atypia Benign 
LSIL Class II HPV HPV Atypia 
LSIL Class II CIN I Mild Atypia 
dysplasia 
HSIL Class III CIN II Moderate Suspicious 
dysplasia of malignant 
HSIL Class III CIN III Severe Suspicious 
dysplasia of malignant 
HSIL Class IV CIS CIS Malignant 
IC Class V IC IC Malignant 
ASCUS: Atypical squamous cells of undetermined significance; 
CIN: Cervical intraepithelial neoplasia; 
CIS: Carcinoma in situ; 
HPV: Human papillomavirus; 
HSIL: High-grade squamous intraepithelial lesion; 
IC: Invasive carcinoma; 
LSIL: Low-grade squamous intraepithelial lesion. 
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3.5 Dynamic telecytology study 
3.5.1 Equipment 
In February 2000, a dynamic-robotic telepathology system (TPS, Leica) 
was established between Prince of Wales Hospital, Hong Kong and the General 
Hospital of People's Liberation Army, Beijing, located 2000 km away in the 
north of China. 
The dynamic-robotic system integrates a sending and receiving station. 
The sending station in Beijing consists of a fully motorized robotic microscope, 
which can be controlled remotely at the receiving station in Hong Kong. The 
physical appearance of the remote-control microscope is shown in Fig 3.8. At the 
sending site the microscope (Leica DM RXA, Germany) has a motorized x-y 
stage and the following objectives 2.5x, 5.0x, lOx, 20x, 40x and 63x. A video 
camera (Hitachi, RGB HV-C20, Japan) is mounted on the microscope. It delivers 
image of 762 x 564 pixels and 24-bit true colour. The overview image is 
produced by the Leica Telepath System stitching facility. The system is 
connected to a 500 Hz Pentium III computer running a Windows 98 operation 
system. 
The receiving system in Hong Kong consists of a similar Pentium 
computer with a 19-inch monitor. Using the computer keyboard or a mouse, the 
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pathologist can select magnifications by changing the objectives, adjust light 
intensity, correct focus, and move the slide placed on the microscope located in 
Beijing. Figure 3.9 shows the remote-control functions displayed on the monitor 
at the receiving station. 
In this study the sending and receiving system were connected by one-
ISDN (Integrated Services Digital Network) with two B-channels at 64 kbit/s 
each. This allowed the real time transmission of live images at 762 x 564 pixel 
and 24-bit true colour at 128 kbit/s. The attached network camera provides face-
to-face video conferencing and facilitates direct discussion between Hong Kong 
and Beijing. 
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Figure 3.8 Dynamic telepathology system. The Sending Station is shown and 
includes (1) a light microscope with a motorized x-y stage, objectives 2.5x, 5.Ox, 
lOx, 20x, and 40x (2) a digital camera mounted on the light microscope (3) a 
computer with Windows 98 operation system and (4) a network camera providing 
face-to-face video conference on top of the monitor. 
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Figure 3.9 Dynamic telepathology system. The receiving station is illustrated 
and shows the remote-control functions displayed on the monitor. By using the 
compute keyboard or a mouse, the pathologists in Hong Kong can select 
objectives, adjust light intensity, correct focus, and move the slide placed under 
the microscope in Beijing. All the images could be stored in a database. The face-
to-face videoconference link is shown at the bottom right of the monitor. 
B B O a m m m i H I H I I H I I I I I M I I I H I H I I H I I H H H I H l H I I H I K i a i l 
一——一————一〜——:————————「一———————— 
‘ 'm ii iiif a 雇 - • • x 為脚響 j 
N-A OptiiCrjt 'Ij.-v-Ca.c ��••v_r�:�t Ctwfc* C-inncj - Dilconftct Sc»SMfc| �  
‘ - • . ‘ ..•••’ • ^  ：. * '1 、； 
… : : 、 ： 、 ： ： ^ ^ ： ； ^ ⑷ ； ^ “ ： I , . 
\ • � , : ; i : . . • . . . : . , ‘ . . , • ' . : ” . : : ; �t • ：- 三！丨 
. 乂: • 寿 。 ： . . . 似 X ^M^r^i^i ！ 
V. • : ‘ , . • . " . ‘ . — • / i xolroe. 
. ； . -n .�― "渴 I 狄 -±Jp«» 
•• ... ： :.•••、. ’ ： . 〜 ： . • '•产 I ‘ • / � 1 |i)Clbi«oliv« IOjOk ‘ -'..."�. • •�...I ^ • I 
., ^ ― I 
•. p r t ^ 
mJ 
glsitli I'j^mo j] eMFDocumert | 卜 E.Myb^r Ertm; P.. 1 ” ‘ 似 
71 
3.5.2 Trial design 
This study was designed to measure the diagnostic accuracy of 
pathologists using the dynamic-robotic telepathology system in an actual clinical 
trial. A test set consisting of 40 different cytology cases was examined first by 
telecytology, and later by conventional light microscopy. 
3,5.2.a Telecytology diagnosis 
In dynamic-robotic telecytology experiment, the sending pathologist in 
Beijing placed the glass slides on the motorized stage of the robotic microscope. 
The message "ask for a diagnosis" was transmitted to contact the receiving 
pathologists in Hong Kong. For each case, the following patient information was 
also transmitted: the patient age, sex, and a brief clinical history. 
After the contact message was received the pathologist in Hong Kong set 
up a connection to the colleague in Beijing. There were three pathologists 
involved in the experiment with four, five, and eight years cytology experience, 
respectively. No collective diagnosis was made because it was intended to 
simulate a routine cytology consultation service as realistically as possible in this 
study. For each case the initial image was an overview of the entire slide at low 
power view, this was captured with the digital camera, and transmitted 
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electronically to Hong Kong. The pathologist in Hong Kong, who was blinded to 
all these study cases, viewed the transmitted overview images on a video monitor, 
and then selected the most diagnostic fields for further detailed study at higher 
magnifications using the remote-control microscope function with a mouse or 
keyboard. After viewing a case, the pathologist entered his or her diagnosis on an 
answer sheet (Fig 3.5) by selecting a response from five categories: benign, 
atypical, suspicious, malignant or deferred. If needed the selected diagnosis could 
be modified with the use of addition free text. In addition, the confidence level for 
the diagnosis, reasons for any uncertainty, the quality of images and the time 
spent per case were recorded. All images could be stored in a database of in the 
sending and receiving computers for further review at a later date. 
3,5,2.b Light microscopy diagnosis 
After completion of the telecytology experiment, all the study slides were 
sent back to Hong Kong, and each of the three pathologists re-examined then with 
conventional light microscopy, and gave a diagnosis. The glass slide cases were 
assigned in such a manner so that each participating pathologist read exactly the 
same cases that he or she had previously read using telecytology. This was done 
so that any differences in diagnostic skills between pathologists would be 
eliminated by a process. 
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3,5,2.c Data analysis 
Finally the telecytology diagnosis and conventional microscopy diagnosis 
were compared to the "reference diagnosis", which was the original laboratory 
diagnosis confirmed by clinical and histological follow-up. Each diagnosis was 
categorized as concordant and discordant. Diagnostic accuracy was then 
evaluated. Other parameters evaluated included diagnostic certainty, acceptance 




4.1 General information about participating cytology laboratories 
There were 17 Mainland China hospitals located in 10 cities (Fig. 4.1) 
linked with Hong Kong for the telecytology project. Table 4.1 summarized 
the demographics and correlation with these laboratories. Thirteen of the 17 
laboratories were located in teaching hospitals and the remaining four were 
provincial and district hospitals. In the latter there are no medical student 
teaching and active research projects. The annual Pap smear accession for 
one laboratory was 15,000 cases and two others processed 10,000 cases. In 7 
laboratories it was 1000-5000, and in 5 laboratories less than 1000 Pap 
smears were examined annually. In 2 pathology laboratories, no 
cervical/vaginal smears were examined and specimens were screened by 
their gynaecology departments. For reporting Pap smears, the old five-grade 
Papanicolaou Classification was used in 10 of the 17 laboratories. Three 
used dysplasia and Cervical Intraepithelial Neoplasia (CIN) nomenclatures, 
two laboratories simply classified smears into benign, atypia, or malignant. 
None of the laboratories used the Bethesda System. In 5 of the 17 hospitals, 
there was no computer with Internet connection at workplace, and 
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participants had to access the Internet on their home computer. Internet use 
among the participants varied from once a day to infrequently and one 
participant had not used it previously. 
Figure 4.1 A map of China showing the location of the 17 hospitals in 10 cities 
that were linked with Hong Kong for the Telecytology project 
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T a b l e 4.1 D e m o g r a p h i c s a n d Cor r e l a t i on wi th 17 Pa r t i c ipa t ing L a b o r a t o r i e s in M a i n l a n d C h i n a 
Characteristic No 












Teaching hospital 13 
Provincial hospital 2 
District hospital 2 






The nomenclature used for Pap smear reporting 
The Bethesda System 0 
The Papanicolaou Classification 10 
Dysplasia and CIN 3 
Negative and Positive Classification 2 
No Pap smears 2 
Availability of the Internet in lab 
Yes 12 
No 5 
Frequency of the Internet usage 
Once per day 8 
Once per week 5 
Once per month 3 
Never 1 
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4.2 Static telecytology study 
4.2.1 Telecytology diagnostic agreement 
There were thirteen Mainland China hospitals located in eight cities 
participated in the static telecytology study. A total of 456 telecytology 
diagnoses were returned. Among them 198 (43%) responses were collected 
by email and 258 (57%) submitted via the cytology web page. The number 
returns from each laboratory ranged from 13 to 60. The response time varied 
from one day to six weeks. The diagnostic agreement between telecytology 
and conventional microscopy for each participating laboratory ranged from 
83% to 97%, the average was 91%. This data is summarized in Table 4.2. 
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Table 4.2 Diagnostic agreement in static telecytology study 
Participating Telecytology Correct Diagnostic 
Hospital Diagnosis Diagnosis Agreement (%) 
1 60 56 93 
2 55 52 95 
3 52 46 88 
4 46 43 93 
5 34 33 97 
6 24 22 92 
7 29 26 90 
8 22 20 91 
9 33 30 91 
10 35 34 97 
11 24 20 83 
12 13 11 85 
13 29 24 83 
Total 456 417 91 
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4.2.2 Confidence of telecytology diagnosis 
The confidence in telecytology diagnosis was recorded as sure, 
confident, somewhat confident, and unsure. The distribution of the responses 
were 155 (34%) sure, 196 (43%) confident, 87 (19%) somewhat confident, 
and 18 (4%) unsure (Table 4.3). When diagnostic uncertainty was 
encountered, the reasons were specified in Table 4.4. The most common 
reason cited was insufficient expertise, while other reasons were 
unsatisfactory image quality, inadequate clinical information, insufficient 
number of fields, technical problems viewing images, and additional special 
studies needed. 
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Table 4.3 Diagnostic confidences in static telecytology study 
Diagnostic Certainty Number % 
Sure 155 34 
Confident 196 43 
Somewhat confident 87 19 
Unsure 18 4 
Total 456 100 
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Table 4.4 Reasons for uncertainty in static telecytology diagnosis 
Reasons for uncertainty Number 
Insufficient expertise 15 
Unsatisfactory image quality 9 
Insufficient number of fields 6 
Inadequate clinical information 6 
Technical problems viewing images 5 
Additional special stains needed 4 
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4.2.3 The acceptance of the image quality, time required for each case 
Participants were asked to rate image quality as "excellent", "good", 
"acceptable", and "unacceptable". In 447 (98%) out of 456 replies the 
image was sufficient for diagnostic purposes. In only 9 replies, the images 
were rated as "unacceptable". 
The downloading time for the case was dependant on the number of 
images and took between 5 - 2 5 minutes, and the average was 15.4 minutes. 
The time needed to view the images and reach a diagnosis for each case 
ranged from 2 to 10 minutes, the average was 4.8 minutes. A major 
complaint was the time required to download the images from the Internet. 
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4.3 Web-based program on cervical cytology 
In the six months (from February to July 2001), there were 28 
participants from 15 different centres involved in the web-based program, 
and 17 participants completed the web-based tutorial. Of the 17 participants 
10 were residents pathologists, and 7 were junior technicians. Cytology 
experience ranged from 1 to 5 years (median 2.9). The general information 
on the laboratories of the 17 participants is summarized in Table 4.1. 
A total of 680 responses were received from the 17 participants for 
the 20 tutorial cases. The pre-tutorial and post-tutorial diagnoses were 
compared to the original laboratory diagnoses, respectively. The diagnostic 
correctness for the 20 cases before and after the tutorial is shown in Table 
4.5. In the pre-tutorial evaluation, there were 257 correct diagnoses, the 
diagnostic correctness for each participant ranged from 65% to 85%, and the 
average was 76%. Following the tutorial, there were 299 correct responses, 
the range was 75% to 100%, and the average was 88%. Statistical analysis 
(t-test) showed that the accuracy of grading Pap smear significantly 
improved after the web tutorial (p<0.0001). 
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Table 4.5 Comparison of the responses in pre-tutorial and post-tutorial 
Pre-tutorial Post-tutorial 
Participants Reporting Correct % Reporting Correct % 
Nomenclature Diagnosis Nomenclature Diagnosis  
1 PAP 16/20 80 TBS 18/20 90 
2 PAP 16/20 80 TBS 20/20 100 
3 PAP 13/20 65 TBS 16/20 80 
4 PAP 14/20 70 TBS 17/20 85 
5 PAP 14/20 70 TBS 15/20 75 
6 CIN 16/20 80 TBS 17/20 85 
7 B/M 15/20 75 TBS 18/20 90 
8 B/M 15/20 75 TBS 18/20 90 
9 CIN 15/2-0 75 TBS 17/20 85 
10 PAP 15/20 75 TBS 18/20 90 
11 CIN 15/20 75 TBS 18/20 90 
12 PAP 16/20 80 TBS 18/20 90 
13 PAP 13/20 65 TBS 16/20 80 
14 PAP 16/20 80 TBS 18/20 90 
15 PAP 15/20 75 TBS 16/20 80 
16 PAP 17/20 85 TBS 20/20 100 
17 PAP 16/20 80 TBS 19/20 95 
Total /Average 257/340 76 299/340 88 
PAP: Five-grade Papanicolaou classification; 
CIN: Cervical intraepithelial neoplasia; 
B/M: Benign or malignant classification; 
TBS: The Bethesda System for reporting cervical/vaginal cytologic diagnoses. 
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4.4 Dynamic telecytology study 
4.4.1 Diagnostic accuracy in dynamic telecytology and light microscopy 
The results of dynamic telecytological and microscopic diagnoses are 
shown in Table 4.6. There were 36 cases that were concordant with the 
reference diagnosis in the dynamic telecytology component, and 39 cases 
concordant in light microscopy section. The overall concordance between 
the telecytology and reference diagnosis was 90%; and for the light 
microscopy and reference diagnosis the agreement was 98%. The 
pathologists in this study had the option of rendering or deferring a diagnosis. 
There were two cases deferred in telecytology, and no deferrals in light 
microscopy. 
Table 4.6 Comparison of diagnostic accuracy in dynamic telecytology 
and light microscopy 
Dynamic telecytology Light microscopy 
diagnosis diagnosis 
Concordant case 36 39 
Discordant case 2 1 
Deferral 2 0 
Overall concordance 90% 98% 
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Table 4.7 lists the cases that were incorrectly diagnosed by dynamic 
telecytology and light microscopy. There were two wrongly diagnosed cases 
in the telecytology group, and one error in light microscopy group. Two 
cases were deferred in the dynamic telecytology, one case was a 
non-Hodgkin's lymphoma of FNA right inguinal lymph node and the other 
case was a papillary thyroid carcinoma of FNA thyroid nodule. The reasons 
offered for deferral were "additional immunohistochemical staining needed" 
and "insufficient image quality". 
Table 4.7 Tabulation of incorrect diagnoses by dynamic telecytology 
and light microscopy 
Case No. Dynamic Light Reference 
telecytology microscopy diagnosis 
Case 08 Atypia Reactive Reactive 
(FNA cervical hyperp las ia hyperp las ia 
lymph node) 
Case 14 Atypia Glandular Well differentiated 
Cervical Smear neoplasm adenocarcinoma 
Case 07 Deferred Non-Hodgkin's Non-Hodgkin's 
(FNA right inguinal l y m p h o m a l y m p h o m a 
lymph node) 
Case 18 Deferred Papillary thyroid Papillary thyroid 
(FNA thyroid nodule) ca rc inoma ca rc inoma 
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4.4.2 Time studies 
Table 4.8 shows the time required to view the image for each case and 
to reach a diagnosis in both dynamic telecytology and light microscopy 
section. In dynamic telecytology the time needed for each case ranged from 
15 to 50 minutes, and the average was 19.8 minutes. In one case, problem 
occurred with the ISDN lines, in two cases, problems with the microscope 
function prevented successful auto-focus at high magnification, and the 
remote stage could not be manipulated. In two other cases problems occurred 
with disoperation of the telepathology system by the pathologist. These 
problems led to extended time of 30-50 minutes to complete a case as the 
system had to be restarted. In conventional light microscopy, the time needed 
to reach a diagnosis for each case ranged from 5 to 10 minutes, and the 
average was 5.8 minutes. 
Table 4.8 Comparison of time needed to reach a diagnosis for each case 
in dynamic telecytology and light microscopy 
Dynamic telecytology Light microscopy 
Time needed 15-50 min 5-10 min 
Average 19.8 min 5.8 min 
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4.4.3 Diagnostic certainty 
The participants were asked to record their diagnostic certainty with one 
of the following responses: confident, somewhat confident, and unsure. In 
the telecytology component the distribution of the responses for the three 
categories were confident 27 (67%), somewhat confident 10 (25%) and 
unsure 3 (8%); the overall confidence was 92%. In the light microscopy 
phase the response distribution was confident 35 (88%), somewhat confident 
5 (12%), and there were no cases in the unsure category (Table 4.9). Of the 
three cases in which the diagnostic certainty was cited as unsure in dynamic 
telecytology, the reasons for uncertainty were "insufficient image quality" 
for Case 18 (papillary thyroid carcinoma) and Case07 (non-Hodgkin's 
lymphoma), and "additional study needed" was requested for CaseOS 
(reactive hyperplasia) and Case07 (non-Hodgkin's lymphoma). 
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Table 4.9 Comparison of diagnostic certainty in dynamic telecytology 
and light microscopy 
Diagnostic Telecytology Light microscopy 
certainty No. % No. % 
Confident ^ ^ ^ ^ 
Somewhat confident 10 25% 5 12% 
Unsure 3 8% 0 0% 
Total 40 100% 40 100% 
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4.4.4 Image quality 
Image quality was rated as good, acceptable, and unacceptable. In the 
telecytology section the distribution of the three categories was 30 (75%) 
good, 8 (20%) acceptable and 2 (5%) unacceptable; the overall acceptance 
was 95%. In light microscopy part, it was 36 (90%) good, 4 (10%) 
acceptable and no cases were classified as unacceptable (Table 4.10). 
Table 4.10 Comparison of acceptance of image quality 
in dynamic telecytology and light microscopy 
Image quality Telecytology Light microscopy 
No. % No. % 
Good ^ ^ ^ 
Acceptable 8 20% 4 10% 
Unacceptable 2 5% 0 0% 




Telepathology and telecytology, are subsets of the larger field of 
telemedicine, which involve the use of telecommunication systems to transmit 
images for the purpose of diagnosis, consultation and education. There have 
been great advances since the first demonstration of telepathology three decades 
ago (Murphy et al., 1974). Telepathology has been used in Scandinavia for 
remote diagnosis of frozen section and histology (Nordrum et al., 1995), and in 
Europe, USA, and Japan for histology and cytology (Delia et al.，1999; Dietel et 
al., 2000; Winokur et al., 2000; Halliday et al., 1997; Harris, 1999). It has also 
been undertaken for continuing education and quality assurance activities with 
some success in a number of centres (Kronz et al” 2000; Leong et al., 2000). 
China is a developing country with a huge population spread over a large 
land area. Diagnostic cytology is under-utilized and consequently the average 
level of cytological expertise is low. However, to the best of our knowledge 
there have been no telecytology projects within China despite the fact this could 
help alleviate some medical problems due to remoteness and lack of cytological 
expertise. 
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The current study was the first telecytopathology project involving 
Mainland China and used both static and dynamic images. Links were made 
with 17 Mainland China hospitals located in ten cities, and the results 
demonstrated that digital still images were adequate for an accurate cytological 
diagnosis. A web-based tutorial was used to introduce the Bethesda System 
diagnostic nomenclature for reporting cervicovaginal cytology. The third 
component evaluated a dynamic image system for use on routine cytology 
specimens and involved Hong Kong and Beijing. This study provided evidence 
that a dynamic-robotic system could be an effective way to provide immediate 
cytology diagnosis in hospitals that had no in-house cytology service. 
5.1 Static image telecytology study linking 13 Mainland China 
hospitals 
In the static image study, the diagnostic agreement between telecytology 
and conventional microscopy ranged from 83% to 97% with an average of 91%, 
and these figures are similar to those obtained in other previous static image 
studies. In one breast fine needle aspiration study from AFIP, U.S.A (Briscoe et 
al., 2000) there was 80-96% concordance, while 85-95% concordance was 
obtained in a cervical-vaginal smears investigation from the University of Iowa 
(Raab et al” 1996). These results compared very favourably with the 88-96% 
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concordance levels achieved with studies that employed histopathology images 
(Singson et al., 1999; Halliday et al., 1997). 
The level of concordance between the telecytology and glass slide 
diagnoses obtained in the present study was high, although it could be argued 
that some of the cases transmitted were relatively simple and not particularly 
challenging. Furthermore, the centres involved were all in major cities and most 
of the participants were experienced pathologists. 
The static image study also showed that the diagnostic certainty of the 
tele-diagnosis was high (96%). The image quality of 98% was evidence that 
static images were of sufficient quality for diagnostic purposes. The 
downloading time for the study cases was somewhat slow, and is not 
uncommon for a static image system using a 56K modem and less powerful 
computers and a poor telecommunication network. Despite these problems, 
static images are adequate for an accurate cytological diagnosis. 
The accuracy of telecytological diagnosis using static image can be 
greatly affected by three factors: (1) image quality (2) field selection (3) 
experience with monitor diagnosis (Halliday et al., 1997; Weinstein et al., 1997). 
Of the three factors, image quality is of paramount importance, especially in 
obtaining a cytological diagnosis when the evaluation of the fine detail of cells 
is a prerequisite. In this study the images had a resolution of 1,600 X 1,400 
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pixels and 24-bit colour. The image quality was not a problem and 98% were 
classified as appropriate for diagnosis. Poor field selection is a major cause of 
disagreement between the transmitted image diagnosis and the reference glass 
slide diagnosis. However, this factor becomes less important when the 
pathologist is more experienced and familiar with the technology being used. In 
the current study many participants stated that after evaluating a number of 
cases their confidence level had greatly improved. Thus it would be useful for 
pathologists, especially trainees, to have training in the interpretation of 
microscopic images displayed on a monitor and this would benefit 
telepathology. 
Transmission of still digital images using standard telephone line via the 
Internet is the first step in establishing a telecytology system with Mainland 
China (Yuan et al., 2001). In comparison to a real-time dynamic image system, 
static images are low-cost, support a large range of image formats and can be 
used for off-line consultation. It can also be transmitted on the Internet. 
Considering today's economic situation, it would be impossible for most 
hospitals in Mainland China to obtain and maintain dynamic image system, 
which requires expensive equipment and fast telecommunication links. Even in 
other countries static image systems are therefore more commonly used than 
dynamic image set-ups for telepathology and telecytopathology. 
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In addition, static image systems are also ideal for professional quality 
assurance programmes in histopathology and cytopathology (Leong et al., 2000). 
The rudimentary quality assurance programmes in cytology that exist in China 
are confined to a few cases being circulated locally among a few pathologists. It 
is not logistically possible to circulate the limited cytology material to many 
participating laboratories located in different parts of the country as in a truly 
national scheme. Moreover, the infrastructure and mechanism for a national 
scheme does not exist at present even though this could be very valuable. Static 
images transmitted via the Internet would provide all participants in a quality 
assurance scheme identical microscopic material. Either an email attachment or 
a purposed web site could be used to disseminate the material. The delays and 
cost of the conventional method of circulating material in a quality assurance 
programme could be eliminated. Moreover, all diagnoses could be submitted 
directly to a central database, thus removing the cumbersome work involved in 
collating submissions that are mailed back to the coordinator. Thus if any 
national Chinese cytology quality assurance programme were to be set up, static 
image transmission of material via the Internet would offer the only realistic 
option. 
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5.2 Problems encountered in setting up links with Mainland China 
It is, however, too easy to give the impression that there are few 
problems when using telepathology or telecytology, especially in China. But 
few papers report on this aspect even though problems exist. Some were 
described previously (Yuan et al., 2000) and relate to the initial stage of setting 
up telecytology links with Mainland China. 
The first problem encountered was the absence of Internet connection in 
a number of laboratories. In 5 of the 17 participating laboratories, there were no 
computers with the Internet connections at the workplace. Some participants 
had to access the Internet on their home computer, so that viewing the cases had 
to be deferred till non-office hours or weekends. The lack of immediacy due to 
having to defer cases could lead to a fall off in interest. For individuals who do 
not use the Internet, or are not familiar or experienced in using email for 
communication, first contact with this technology could be a daunting 
experience and be inhibiting. 
The second problem was the lengthy time needed to download the cases. 
In this project, 14 of the 17 participants used a 56K modem. The downloading 
of images was often very slow, probably due to the overloaded Chinese 
telephone network and underpowered computers. This could easily turn a 
person's interest off especially if time from routine work had to be set aside for 
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participation in the project. Consequently, the upgrading of equipment and the 
availability of a satisfactory telephone network will be important for successful 
telepathology and telecytology to succeed in China. 
An additional finding was the slow response of some participants and 
reasons given were (1) busy daily work schedule, (2) no Internet link at work 
place and (3) lack of interest in the project. 
Lack of interest is an intriguing finding and obtaining further information 
was difficult. It has been mentioned previously that in many hospitals cytology 
is undertaken by technologists in China. There is no dedicated cytology section 
in some laboratories, and only a few pathologists are involved. Such a setting 
results in many pathologists being less interested in cytology. 
Costs incurred in telepathology are another factor that may have curbed 
more enthusiastic participation. Some pathologists believe that telepathology is 
too expensive in the context of China. The cost of accessing the Internet on a 
home computer, US$10-20 per month is relatively expensive when the average 
monthly salary for a pathologist is only US$200 - 250. Lack of funding is the 
major problem, making the implementation of telepathology difficult or 
impossible for many laboratories. However, funding lack should not be 
regarded as a major impediment. In China, medicine is profit driven and 
treatment is tied to the ability of a patient to pay. In this capitalistic setting, a 
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laboratory with a good reputation of expertise in cytology could attract more 
work when compared to a laboratory that only offered a histopathology service. 
The additional earnings from the increased case accession could be a source of 
funds for upgrading equipment, including computers and Internet connections. 
Some Chinese pathologists also expressed doubts on the use of monitors 
for viewing images for making a diagnosis, although results have shown that 
there is no significant difference between a pathologist's performance using a 
microscope and using monitor images. This doubt or scepticism can only be 
dispelled by exposing more Chinese pathologists to this technology. This 
problem is not unique to China and has been reported in papers emanating from 
other countries (Sowter, 1998). 
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5.3 Web-based tutorial programme for remote teaching 
The good results from the static image study prompted the initiation of 
the web-based tutorial to introduce the Bethesda System (TBS) for reporting 
cervical /vaginal cytological diagnoses. 
It has been mentioned previously that Pap smear reporting was 
unsatisfactory and lacked uniformity in Mainland China. In many laboratories 
the old five-grade Papanicolaou Classification is used. Other reporting systems 
used the terms dysplasia and CIN, and some laboratories merely graded smears 
as benign, atypia or malignant. However, TBS for reporting cervical /vaginal 
cytological diagnoses is not used, and moreover it is not widely known. 
There are some advantages of utilizing the World-Wide-Web for medical 
education and training (Wootton et al, 1999; Wells et al., 2000). These include 
no need to travel to a distant centre for teaching, relatively cheap as only an 
Internet connection and computer are required. Web pages are accessible at all 
times. The capacity of the web pages allows high-quality image to be presented. 
Participants have the added benefit of being able to keep the case images for 
later review. 
The results of the web tutorial showed that the knowledge of TBS and its 
application for reporting Pap smears was significantly improved after the 
100 
tutorial. All the participants had a good grasp of the TBS terminology and able 
to place Pap smears in the appropriate category. 
The current study is the first web-based tutorial to introduce a cytology 
topic to China. However, this study was limited to 17 participating hospitals and 
additional studies will be needed to test the applicability of this educational 
method for use when the participants are more widely dispersed. Web-based 
programs are an ideal platform to provide continuing education at the desktop in 
a direct and rapid way. This method for the dissemination of teaching material 
could be expanded into a national scheme to provide up-to-date information, 
ensure uniform diagnostic terminology and thus promote the greater use of 
cytology and help raise its standard in China. But the appropriate resources and 
infrastructure will need to be available. The Internet-based education will be 
helpful, in particular for smaller hospitals in remote regions, enabling high-
quality teaching in an easy and time-saving way, but the appropriate computer 
hardware and Internet connections must be available. This essentially means 
adequate funding. 
If Pap smears reporting standards are to be improved in China some 
issues need to be addressed. These include raising the diagnostic standards of 
the many obstetrics and gynaecology departments that examine smears, 
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implementation of histological-cytological correlation, initial clinical meetings 
and for enthusiastic pathologists to have an active role. 
Another point that needs to be considered in relation to improving Pap 
smear reporting in China is that the volume of work undertaken by a laboratory 
must be sufficient to maintain expertise and competency of staff. One figure 
quoted from Canada is a minimum of 25,000 cases per year for a laboratory. 
Thus none of the laboratories in the study would qualify (Task Force, 1976) to 
be competent for processing Pap smears. Some laboratories handled only a few 
hundred specimens annually and the largest volume was only 15,000 cases in 
one institution. 
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5.4 Dynamic image telecytology study for immediate diagnosis at a 
distance 
The dynamic images study evaluated the feasibility of using a dynamic 
telepathology system to provide immediate cytology diagnosis at a distance. 
The overall concordance between the dynamic telecytology and reference glass 
slide diagnosis was 90%, and for conventional light microscopic diagnosis it 
was 98%. The diagnostic accuracy in our study is similar to those previously 
achieved in other studies of frozen section and surgical histology diagnosis 
using dynamic system (Winokur et al.，2000; Dunn et al., 1997; Wellnitz et al., 
2000). The diagnostic certainty of pathologists for each case in telecytology was 
92%, and the acceptance of image quality was 95%. The pathologists were 
generally satisfied with the performance of the system. The data, although based 
only on an analysis of 40 cases, confirmed that the dynamic-robotic 
telecytology set up could be employed in routine cytology service with a 
diagnostic accuracy comparable to that obtained with conventional light 
microscopy. Thus dynamic telecytology could be effectively used to provide 
cytological diagnosis in hospitals lacking a cytopathologist. However, the 
system required expensive equipment and fast telecommunication lines and if 
this technology were to be utilized in China considerable resources would have 
to be found. 
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To our knowledge, the current study is the first in China to use dynamic 
telepathology to obtain a cytological diagnosis. The dynamic-robotic 
mechanism allows the pathologist to scan the entire slide under low 
magnification and select specific areas to view at higher magnification. It also 
allows the pathologist to correct focus and adjust light intensity at a distance. In 
comparison with the static images, the diagnostic process is psychologically and 
intellectually far more comfortable and satisfying. Diagnostic dynamic 
telepathology closely simulates how pathologists normally work and thus the 
method is more likely to be accepted and used. Although the equipment and 
telecommunication costs are relatively high, when compared with the expense 
and inconvenience, and time delays for delivery of glass slides to the consultant 
cytopathologists, which may result in delay in initiation of medical treatment in 
some, those costs are very reasonable. Thus the adoption of a dynamic 
telecytology in China would be one way of ensuring expert diagnostic expertise 
available even in the small remote centres. 
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5.5 Limitations of this project 
Despite the satisfactory outcome of the current telecytology trial, there 
are some limitations and these will now be elaborated. 
5.5.1 Time needed to reach a diagnosis 
In the current study one critical point was that the time needed to reach a 
diagnosis was longer using telecytology compared with conventional 
microscopy. The time needed in dynamic image telecytology study ranged from 
15 to 50 minutes (mean 19.8), while it was 5-10 minutes (mean 5.8) in 
conventional microscopy. 
Three factors may have contributed to the longer time to reach a 
diagnosis. Firstly, only one-ISDN channel with 128 kbit/s was used in this study. 
An obvious way of speeding up data transmission capacity would be the 
application of four-ISDN channels in parallel resulting in a capacity of 512 
kbit/s. If the telecytology system were equipped with four-ISDN channels, the 
time needed for each case could be improved by a factor 4, resulting in about 5 
minutes for each case. This improvement will however, mean a higher cost for 
line rental. Secondly, in cytology the time needed for obtaining the diagnosis 
per case is generally longer than for histology. The diagnostic cells are often 
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dispersed over the entire slide, and this necessitates screening the entire slide. In 
addition, higher magnification (10x-40x) is used to evaluate the cell 
morphology. Consequently cytological assessment can be time consuming and 
this has been pointed out by others (Schwarzmaim et al” 1998). Thirdly, the 
existing ISDN connections between China and Hong Kong are not reliable as 
evidenced in this study. During the experiment, some ISDN line problems 
occurred, in particular when establishing the initial connection. Occasional 
problems occurred with the software that controlled the microscope remote-
control function. Together these problems often resulted in delays and up to 30-
50 minutes were required to complete some cases. 
5.5.2 Poor participation and lack of interest in cytology topic 
In this telecytology project, we only managed to set up links with 17 
pathology laboratories in 10 cities, however, this is a very meagre number when 
compared to the large population in China and the thousands of laboratories that 
exist. This is despite of the fact that the projects were announced in a national 
pathology journal. The lack of interest is worrying and also reflected in the slow 
turnaround time for some participants who responded, sometimes up to 6-8 
weeks after receipt of case material. Some factors concerning the poor response 
have already been alluded to in Section 5.2 "Problems encountered in setting up 
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links with Mainland China". It is conceivable that this is a mindset matter, seen 
in other communities, and not unique to China, where if something is perceived 
to have no immediate benefit to an individual then there is little interest in 
participation. If however, a more superior individual was to direct a subordinate 
person to take an interest then there could be more active involvement. 
Although this is not desirable and it is much better for self-generated interest to 
be the driving force. 
It has been mentioned previously that cytology is under-utilized in China. 
In many hospitals, there is no dedicated cytology laboratory. Cytology is 
undertaken by technologists and only a few trained pathologists are involved. 
Some pathologists are less interested in cytology, even though they required to 
make cytological diagnosis. It is also possible that cytology is perceived to be 
an activity for more junior staff or the work that is suitable only for 
technologists. If this is indeed the situation then Chinese pathologists will need 
to create a new image for diagnostic cytology. This will require senior 
pathologists, those who are the power brokers to be involved. It will be 
necessary to take back the cytology work and have it designated as an activity 
for pathologists, as in advanced countries. In addition, young pathologists will 
need to be inculcated at an early stage of the importance of cytology in 
contemporary medical practice. This should be reflected in any new training 
programme and the hierarchical structure of a laboratory. 
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The data from the questionnaire showed that some participants used the 
Internet only once a month, or even never before this project. Some senior 
doctors and technicians, especially in small hospitals seldom used the Internet in 
their daily work, and they are not familiar with "surfing the net" and the use of 
electronic mail. As discussed previously this could be very inhibiting to 
individuals who are "computer illiterate", and as a consequence defer 
participation in the telecytology project. 
5.6 Concluding remarks 
Overall, the study results indicate that both static and dynamic 
telepathology can be used successfully in China but inherent problems 
identified have to be overcome if telepathology is to be of benefit. 
It is regrettable that time did not permit an actual investigation on the 
possible benefits of telepathology-telecytology for pathologists working in 
remote hospitals. These are the people who could have maximum benefit from a 
telecytology initiative as already alluded to in previous studies (Wells, 2000). 
Moreover, it would be naive to believe that telepathology and 
telecytology alone can solve all the problems. Other problems that need to be 
addressed are specialist registration and training. A detailed discussion on this 
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important aspect of medicine is beyond the scope of this study. But briefly these 
include the need to recognize that cytopathology is a specialty that has a definite 
role in clinical medicine and its proper practice requires pathologists who are 
trained and expert. This requires a mechanism for the appropriate training of 
pathologists, certification and continuing education and monitoring of standards. 
Furthermore, to ensure cytology is of the highest possible standard a critical 
requirement is an appropriate laboratory infrastructure, equipment and technical 
expertise and this includes undertaking laboratory accreditation. 
If telemedicine and telecytology are to play a greater role in medicine in 
China then adequate funding and the availability of computers and Internet 
connection are top priorities. Thus the hospital administration or government, 
provincial or national, need to recognize the benefits of telemedicine and its role 
in patient management. It is inappropriate for individual pathologists to have to 
provide their own computer and Internet connection for use in patient care. If 
government funding is not readily available joint venture programmes with the 
private sector needs to be explored. In a rapidly growing free-market 
environment, evident in China, and undergoing explosive expansion, linkage 
with the commercial world may be the solution to resource and funding 
difficulties. 
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Finally, the motivation of pathologist's and other medical personnel is 
critical for this newer method for practising pathology to be more widely used 
and accepted in China. To engender greater interest there needs to be incentives 
such as active research and formation of specialist interest groups, national 
meetings and the opportunity to participate at international telemedicine events. 
Chinese medical journals should encourage contributions relating to 
telemedicine. In both undergraduate and postgraduate medical training the 
discipline should be a core topic and in pathology training monitor image 
examination of cases for diagnosis could be in the curriculum. 
Telecytology or telepathology is still in the initial stages in China. Many 
complex legal and regulatory issues will need to be addressed, such as medical 
licensure, credentialing, patient confidentiality, and malpractice liability. 
Quality assurance and standards for training and certification of technical 
personnel also have to be established. 
In the context of China, the ideal application of telecytopathology is to 
link small remote hospitals to larger medical centres to provide expert 
consultation service, to enhance expertise and to improve the diagnostic 
standards. Other applications include the dissemination of up-to-date knowledge, 
promulgation of uniform diagnostic terminology, and the mechanism for a 
national pathology and cytology continuing education and quality assurance 
110 
programmes. Telepathology and telecytopathology have a definite role to play 
in China in the Century. 
I l l 
REFERENCES  
A Arizona Telemedicine Program: 
http://www.telemedicine.arizona.edu Accessed October 3, 2001 
A Armed Forces Institute of Pathology's web site: 
http://www.aFip.org/telepathology Accessed October 3, 2001 
Aller RD. The pathologist's workstation. Clin Lab Med 17: 201-228, 1997 
Almagro UA, Dunn BE, Choi H, Recla DL. Telepathology. Am J Surg 
Pathol 22(9): 1161-1163, 1998 
Bird K. Telemidicine concept and practice. In: Bashshur E, Armstrong P, 
Yussel Z. Telemedicine: explorations in the use of telecommnications in 
health care. Springfield, IL,USA: Charles C Thomas, 89-112, 1975 
Briscoe D，Adair CF, Thompson LD, Tellado MV, Buckner SB, Rosenthal 
DL, 0�Leary TJ. Telecytologic diagnosis of breast fine needle aspiration 
biopsies: intraobserver concordance. Acta Cytol 44: 175-180, 2000 
Buravkov SV，Bortnikov AA. Digital image processing and transmission for 
teleconsultation in pathology. J Telemed Telecare 6: SI: 199, 2000 
Callas PW, Leslie KO, Mattia AR, Weaver DL, Cook D，Travis B, Stanley 
DE, Rogers LA, Mount SL, Trainer TD, Zarka MA, Belding RM. Diagnostic 
accuracy of a rural live video telepathology system. Am J Surg Pathol 21: 
812-819, 1997 
Cheng LQ. China telemedicine review. Telemed Today Dec: 31-33, 1999 
China Golden Health Network Project: http://www.2919.net Accessed 
October 10, 2001 
Collbum D. The next best thing to being there, and now diagnosis by 
satellite. Washington Post 27: 7, 1986 
Dawson PJ, Johnson JG, Edgemon LJ，Brand CR, Hall E, Buskiry GFV. 
Outpatient frozen sections by telepathology in a Veterans Administration 
Medical Center. Hum Pathol 31: 786-788, 2000 
112 
Delia Mea V, Beltrami CA. Current experiences with Internet telepathology 
and possible evolution in the next generation of Internet services. Anal Cell 
Pathol 21(3,4): 127-134，2000 
Delia Mea V, Cataldi P, Pertoldi B，Beltrami CA. Combining dynamic and 
static robotic telepathology: a report on 184 consecutive cases of frozen 
sections, histology and cytology. Anal Cell Pathol 20(1): 33-39, 2000 
Delia Mea V, Cataldi P, Pertoldi B，Beltrami CA. Dynamic robotic 
telepathology: a preliminary evaluation on frozen sections, histology and 
cytology. J Telemed Telecare 5: SI: 55-56, 1999 
Dervan PA, Wootton R. Diagnostic telepathology. Histopathology 32: 195-
198, 1998 
Dierks C. Legal aspects of telepathology. Anal Cell Pathol 21: 97-99, 2000 
Dietel M, Nguyen-Dobinsky TN, Hufnagl P. The UICC telepathology 
consultation center: a global approach to improving consultation for 
pathologists in cancer diagnosis. Cancer 89: 187-191，2000 
Dunn BE, Almagro US, Choi H, Sheth NK, Arnold JS, Recla DL, Krupinski 
EA, Graham AR, Weinstein RS. Dynamic-robotic telepathology: department 
of veterans affairs feasibility study. Hum Pathol 28: 8-12, 1997 
Dunn BE, Choi H, Almagro UA, Recla DL, Davis CW. Telepathology 
networking in VISN-12 of the Veterans Health Administration. Telemed J E 
Health 6(3): 349-354, 2000 
Dunn BE, Choi H, Almagro UA, Recla DL, Krupinski EA, Weinstein RS. 
Routine surgical telepathology in the Department of Veterans Affairs: 
experience-related improvements in pathologist performance in 2200 cases. 
Telemed J 5(4): 323-337, 1999 
European Union-funded EuroPath project: http://www.uicc-tDCC.charite.de 
Accessed October 3, 2001 
Fumess PN. The use of digital images in pathology. J Pathol 183: 253-263, 
1997 
Galvez J, Howell L, Costa MJ, Davis R. Diagnostic concordance of 
telecytology and conventional cytology for evaluating breast aspirates. Acta 
Cytol 42: 663-667, 1998 
113 
Gao TQ, Shiwaku K. Medical education in China for the century. Med 
Educ 33: 768-773, 1999 
Halliday BE, Bhattacharyya AK，Graham AR，Davis JR，Leavitt SA, Nagle 
RB, McLaughlin WJ, Rivas RA, Martinez R, Krupinski EA, Weinstein RS. 
Diagnostic accuracy of an international static-image telepathology 
consultation service. Hum Pathol 28: 17-21, 1997 
Haroske G, Giroud F，Kunze KD, Meyer W. A telepathology based Virtual 
Reference and Certification Centre for DNA image cytometry. Anal Cell 
Pathol 21(3,4): 149-159, 2000 
Harris G. Telepathology in Japan. Telemed Today 7(1): 40-41, 1999 
Hjelm NM，Lee JCK, Cheng D, Chui C. Wiring a medical school and 
teaching hospital for telemedicine. Int J Med Inf 61: 235-240, 2001 
Hjelm NM. Telemedcine in Hong Kong. J Telemed Telecare 3: SI: 102-103, 
1997 
Hsieh RKC, Hjelm NM, Lee JCK, Aldis J A. Telemedicine in China. Int J 
Med Inf 61: 139-146, 2001 
Jukic DM, Bifulco CB. Telepathology and pathology at distance: an 
overview. Croat Med J 40: 421-424, 1999 
Kayser K, Beyer M, Blum S, Kayser G. Telecommunication—a new tool for 
quality assurance and control in diagnostic pathology. Folia Neuropathol 
38(2): 79-83, 2000 
Kayser K, Szymas J, Weinstein R. Telepathology: telecommunication, 
electronic education and publication in Pathology. Springer-Verlag, Berlin, 
1999 
Kronz JD, Silberman MA, Allsbrook WC, Bastacky SI, Burks RT, Cina ST, 
Mills SE, Ross JS，Sakr WA, Tomaszewski JE, True LD, Epstein JI. 
Pathology resident's use of a web-based tutorial to improve Gleason Grading 
of prostate carcinoma on needle biopsy. Hum Pathol 31: 1044-1050, 2000 
Kronz JD, Silberman MA, Allsbrook WC, Epstein JI. A web-based tutorial 
improves practicing pathologist's Gleason grading of images of prostate 
carcinoma specimens obtained by needle biopsy. Cancer 89: 1818-1823, 
2000 
114 
Kurman RJ, Solomon D. The Bethesda System for reporting cervical 
/vaginal cytologic diagnoses. Springer-Verlag, New York 1994 
Kurtycz DF. Electronic imaging in cytopathology. Clin Lab Med 18: 585-
598，1998 
Lee JCK. Can telepathology work for us. Chin J Pathol (Chinese) 27(1): 5, 
1998 
Lee JCK. Telepathology in Hong Kong. J Telemed Telecare: 5: SI: 139, 
1999 
Leong FJ, Graham AK, Gahm T，McGee JO. Telepathology: clinical utility 
and methodology. Recent Adevances in Histopathology. Churchill 
Livingstone, London 217-240, 1999 
Leong FJ, Graham AK, Schwarzmann P, McGee JO. Clinical trial of 
telepathology as an alternative modality in breast histopathology quality 
assurance. Telemed J E Health 6(4): 373-377, 2000 
Liang WY, Pan CC, Chiang H. Real-time dynamic telepathology through the 
Internet: evaluation of a new and economic technology at Taipei Veterans 
General Hospital. Chin Med J (Taipei) 64: 277-282, 2001 
Mairinger T, Gschwendtner A. Telecytology using preselected fields of view: 
the future of cytodiagnosis or a dead end? Am J Clin Pathol 107:620-621, 
1997 
Mizushima H, Uchiyama E, Nagata H, Matsuno Y, Sekiguchi R, Ohmatsu H， 
Hojo F, Shimoda T, Wakao F, Shinkai T, Yamaguchi N, Moriyama N, 
Kakizoe T, Abe K, Terada M. Japanese experience of telemedicine in 
oncology. Int J Med Inf 61: 207-215, 2001 
Mullick FG, Fontelo P, Pemble C. Telemedicine and telepathology at the 
Armed Forces Institute of Pathology: history and current mission. Telemed J. 
2: 187-193, 1996 
Murphy RL Jr, Bird KT. Telediagnosis: a new community health resource. 
Observations on the feasibility of telediagnosis based on 1000 patient 
transactions. Am J Public Health 64:113-119, 1974 
115 
Nagata H, Mizushima H. A remote collaboration system for telemedicine 
using the Internet. J Telemed Telecare 4: 89-94，1998 
Ng HK, Cheng J, Cheung CK, Sung J, Su M, Xu XH, Chung SCC. Tele-
clinicopathologic conference via satellite link. Presented at the International 
Congress of the International Academy of Pathology, Nagoya, October 15-
20,2000 
Nordrum I, Eide TJ. Remote frozen section service in Norway. Arch Anat 
Cytol Pathol 43: 253-256, 1995 
Nordrum I, Engum B, Rinde E, Finseth A, Ericsson H, Kearney M，Stalsberg 
H, Eide TJ. Romote frozen section service: a telepathology project in 
northern Norway. Hum Pathol 22: 514-518, 1991 
O'Brien MJ, Takahashi M, Bmgal G，Christen H, Gahm T, Goodell RM, 
Karakitsos P, Knesel EA Jr, Kobler T, Kyrkou KA, Labbe S, Long EL, 
Mango LJ, McGoogan E, Oberholzer M, Reith A, Winkler C. Digital 
imagery /telecytology: lAC task force summary. Acta Cytol 42: 148-164, 
1998 
Ongum O, Celasun B. Intra-hospital use of a telepathology system. Pathol 
Oncol Res 6(3): 197-201, 2000 
Peters R, Sikorski R: The cutting edge: surgery sites on the World Wide 
Web. JAMA 17; 281: 593-594, 1999 
Petersen I, Wolf G, Roth K, Schluns K. Telepathology by the Internet. J 
Pathol 2000 191(1): 8-14, 2000 
Proceedings of the European Symposium on Telepathology. Zentrabl 
Pathol 138: 381-436，1992 
Raab SS, Zaleski MS, Thomas PA, Niemann TH, Isacson C, Jensen CS. 
Telecytology: diagnostic accuracy in cervical-vaginal smears. Am J Clin 
Pathol 105: 599-603, 1996 
Rosenberg ME, Watson K, Paul J, Miller W, Harris I，Valdivia TD: 
Development and implementation of a web-based evaluation system for an 
internal medicine residency program. Acad Med 76: 92-95, 2001 
Saltz JH. Digital pathology: the big picture. Hum Pathol 31(7): 779-780， 
2000 
116 
Schwarzmann P, Schenck U, Binder B, Schmid J. Is today's telepathology 
equipment also appropriate for telecytology? A pilot study with pap and 
blood smears. Adv Clin Pathol 2: 176-178, 1998 
Seiwerth S, Danilovic Z. The telepathology and teleradiology network in 
Croatia. Anal Cell Pathol: 21(3,4): 223-228, 2000 
Singson RP, Natarajan S, Greenson JK, Marchevsky AM. Virtual 
microscopy and the Internet as telepathology consultation tools. A study of 
gastrointestinal biopsy specimens. Am J Clin Pathol 111(6): 792-795, 1999 
Sowter C, Wells CA. Telepathology: assessment of the implications and 
applications of telepathology for practical diagnostic pathology. J Clin 
Pathol 51(10): 714-715, 1998 
Stanberry B. Telemedicine: barriers and opportunities in the 21st century. J 
Intern Med 247(6): 615-628, 2000 
Stanberry B. The legal and ethical aspects of telemedicine. J Telemed 
Telecare4:Sl:95-97, 1998 
Task Force of the Deputy Ministers of Health. Cervical cancer screening 
programs: II. Screening for carcinoma of the cervix. Can Med Assoc J 
114:1013-1026, 1976 
Telemedicine Centre, Faculty of medicine, The Chinese University of Hong 
Kong: http://tele.med.cuhk.edu.lik Accessed October 10, 2001 
Tse CH. Anatomic pathology image capture using a consumer-type digital 
camera. Am J Surg Pathol 23: 1555-1558, 1999 
Tsuchihashi Y, Okada Y, Ogushi Y, Mazaki T, Tsutsumi Y, Sawai T. The 
current status of medicolegal issues surrounding telepathology and 
telecytology in Japan. J Telemed Telecare 6: SI: 143-145, 2000 
Weinberg DS, Allaert FA, Dusserre P, Drouot F, Retailliau BR, Welch WR, 
Longtine J, Brodsky G, Folkerth R, Doolittle M. Telepathology diagnosis by 
means of digital still images: an international validation study. Hum Pathol 
27: 111-118, 1996 
Weinberg DS. Digital imaging as a teaching tool for pathologists. Clin Lab 
Med 17: 229-244, 1997 
117 
Weinstein LJ, Epstein JI, Edlow D，Westra HW. Static image analysis of 
skin specimens: the application of telepathology to frozen section evaluation. 
Hum Pathol 28: 30-35, 1997 
Weinstein RS, Bhattacharyya AK，Graham AR, David JR. Telepathology: a 
ten-year progress report. Hum Pathol 28: 1-7, 1997 
Weinstein RS. Prospects for telepathology. Hum pathol 17: 433-434, 1986 
Weisz-Carrington P, Blount M, Kipreos B, Mohanty L, Lippman R, Todd 
WM, Trent B. Telepathology between Richmond and Beckley Veterans 
Affairs Hospitals: report on the first 1000 cases. Telemed J 5(4): 367-373, 
1999 
Wellnitz U, Fritz P, Voudouri V, Under A, Toomes H, Schmid J, Binder B, 
Schwarzmann P. The validity of telepathological frozen section diagnosis 
with ISDN-mediated remote microscopy. Virchows Arch 437: 52-57, 2000 
Wells CA, Sowter C. Telepathology: a diagnostic tool for the millennium? J 
Pathol 191: 1-7, 2000 
Wheeler T. Telepathology's slow start. Telemed Today 7 (1): 37-39, 1999 
Willmarth MD. Legal issues in telemedicine. Mich Health Hosp 34(2): 14-16, 
1998 
Winokur TS, McClellan S, Siegal GP, Redden D, Gore P, Lazenby A, et al. 
A prospective trial of telepathology for intraoperative consultation (frozen 
sections). Hum Pathol 31: 781-785, 2000 
Wootton R, Craig J. Introduction to telemedicine. Royal Society of Medicine 
Press Ltd, London, 1999 
Wootton R. Recent advances: telemedicine. BMJ 323: 557-560, 2001 
Wootton R. Telemedicine and developing countries: successful 
implementation will require a shared approach. J Telemed Telecare 7: SI: 1-
6, 2001 
Wu BQ. Today and tomorrow of the development of pathology. Chin J 
Pathol (Chinese) 28:325-326, 1999 
118 
Yuan Q，Chang AR. A Hong Kong Mainland China tele-cytopathology 
project: problems encountered and preliminary findings. Proceedings of the 
14th International Congress of Cytology. Amsterdam, The Netherlands, May 
27-31,2001 
Yuan Q, Chang AR. The complexities of establishing a Hong Kong -
Mainland China cytopathology program. Proceedings of Asian pacific 
association for medical infomatic-MIC 2000 conference. Hong Kong, 
September 27-30, 2000 
Zhao YG. Telemedicine in Asia. New World Health 2: 60-62, 2001 
Zhou J, Hogarth MA, Walters RF, Green R, Nesbitt TS. Hybrid system for 
telepathology. Hum Pathol 31: 829-833, 2000 
119 
. . . . . . . . >'•• • . . . . . . . : . . . . . . . , . . . . � , ‘ 
.. , ‘ 
” � - . 
I:.  ‘ • 
“• • '1 
？ : ： • • -r ; . . • • � . 
¥ -
I • . • 
‘ . -
I • . . . I. .. . ..... . , .：.••• ‘ ！: ‘ . .. • • •‘ •• “ 
； : . . . . ‘ ： . . . . . — — • . . • . . . . . 厂 . . 、 ， . . . 
ij..’,’;•..‘:•....••.;,:.... :.、：•-、.".. 
i：. ‘’. I . •；•. .；•",. ••‘ -^'•；. • ..)-..“： ；：,.•:):.：.」.,:.:：•:.々 :....•乂 ... •‘ .,: . . . . , •.：• • . •.：. , ...... , ‘ . . •. , . J,-' !• • • •:>•.‘ :’,- . . ：‘ .• .......... .,；丨., 、 • . . , . .. . . . . 
CUHK Libraries 
• • 3 T S S t , 3 5 
